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CLARKSON. 244 pp. $2.00. J. H. Sears & Com- 


pany, New York. 

A chronicle of the discoveries in electricity and 
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$3.00. The Dial Press, New York. 
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SMELL AND TASTE AND THEIR 
APPLICATIONS 


By Dr. N. E. McINDOO 


WASHINGTON, D. C. 


Is THERE A SCIENCE OF SMELL OR OF 
TASTE? 

Tue late Alexander Graham Bell, 
when once consulted about the physico- 
chemical possibilities of odors, remarked 
that an odor had already made one man 
famous. He asked who was ready to 
evolve a new science, by measuring or 
reflecting a smell. He said in part: 


Have you an ambition to found a new sci- 
ence?’ Why not measure a smell? Can you 
measure the difference between one kind of 
and another? Until measure 
their likenesses and differences have 
no science of odor. Find out what an odor is— 
whether it is an emanation, and therefore sub- 
ect to being weighed, or a vibration, and there- 
fore capable of being reflected. Odors are be 
coming more and more important in the world 
of scientific experiments and in medicine—and 
the need of more knowledge will bring more 
knowledge, as surely as the sun shines. 


smell 


you can 
you can 


Regardless of the above admonition 
that we do not yet have a science of 
smell, Kenneth, a Scottish professor in 
the University of Edinburgh, has listed 
1,000 references on ‘‘Osmics: The Sci- 
ence of Smell,’’ and makes the follow- 
ing remarks: 

Smells are surer than sounds to make the 
heart-strings crack, yet, owing to a lack of 
training, one is not always aware of the fact 
that one lives in a world of smell as well as 
in a world of form, color and sound. However, 
the knowledge of the organs and the sense of 
smell, and of odorous substances, is recorded 
im a voluminous and widely scattered litera- 


ture, 
Osmics will be 


Some day, perhaps, a special Institute o 
established, where research couk 


The staff would 


least a physiologist, psychologist, 


be coordinated. comprise a 


chemist, zool 
ogist, botanist, anthropologist, pathologist, rhi 
nologist and 


quire the services of an embryologist, 


statistician, and would also r 
geneticist 
and a paleontologist. 

What next! 
been accomplished on this subject, if in 
order to obtain results such an extensive 
collaboration is really necessary! Yet 
when we carefully examine our records 


No wonder so little has 


we are convinced that more cooperation 
between the various groups of scientists 
interested in this subject is absolutely 
necessary before we can actually found 
a new science as outlined by Dr, Bell. 

According to Kenneth: 

Briefly, osmics is a science of the stimuli, 
organs and the sense of smell. It is evident, 
therefore, that this science is funda- 
mentally a rendezvous of chemistry, ph 


area of 
ysics ind 
biology in the widest sense. 

from a 


word ‘‘osmics’”’ 


word, 


The 
Greek 


neth is so enthusiastic about encourag- 


comes 


meaning odor: and Ken- 


ing the foundation of a science of smell, 
which really involves the deepest studies 
in botany, zoology, chemistry and phys- 
ics, that he imagines that the results 
obtained will aid research on the nature 
of matter. 

Another enthusiastic scientist, a chem- 
ist, who is encouraging research in the 
sense of smell, is Hendrick. He says: 
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It is remarkable how intimate the sense of 
smell is, how much it tells us, and how largely 
it affects consciousness on the one hand, and 
how we scorn consideration of it on the other. 
It is the Cinderella of our organs of sense. 
Whether it was some sainted anchorite, or other 
enthusiast of imagination and influence, who 
found the use of the human nose to be dan- 
gerous to the soul, we do not know, but in some 
way or other the conscious exercise of the nose 
became taboo, and this has entered into the 
folk-ways. It has ceased to be a sin, but it 
remains an impolite subject. 


The Arabs in their days of glory were not 
ashamed of their noses, and they planted 
scented gardens, wonderfully devised, so that he 
who walked through them, or whiled away an 
hour there, might rejoice in a cultured delight 
in odor. They were so arranged that at the 
entrance the olfactory sense would be struck 
by a pervading and strong smell, not neces- 
sarily of a pleasant nature. From this the 
path would lead gradually through less coarse 
fragrances to those more delicate until, at the 
end, there would be reached an odor of ex- 
quisite quality which only the cultured nose 
could appreciate. 


Just think what we owe to our eyes and 
ears! Through them we gain nearly all of our 
knowledge. They are trained so that by them 
we read books and hear speeches, we note 
anger, deceit, joy, love; by sight and hearing 
we try to guess faithfulness and malice; in 
fact, through these two senses we draw the 
substance of our information. And yet we are 
said to have five senses. Neither touch nor 
hearing nor sight is within the scope of this 
paper, and taste is a limited sense, alive only 
to sweet, sour, bitter and a few simple nerve- 
reactions. Owing to the taboo of smell we have 
credited to taste most of those olfactory proc- 
esses which we have cultivated. It is smell of 
food that we enjoy while we are eating it; it is 
the bouquet of a wine that gives it its merit. 
We call it the taste, but it is chiefly the smell. 
It is nearly impossible, for instance, to dis- 
tinguish between what we call the taste of 
cinnamon and that of cloves if we hold our 
noses. 

The theories of smell and taste, as 
given, are very vague, and, in compar- 
ison to sight and hearing, very little 
fundamental work has been done on 
them. In this respect we are still liv- 
ing in the Dark Ages, and have not 
progressed much since the ‘‘glorious’’ 
days of the Arabs. Good work has been 


done, but not enough; and enough wil 
not be done till there obtains a liy, 
and wholesome curiosity about thes, 
two neglected senses, which in r 
must be studied together, for they 
not be sharply separated. 

On the other hand, consider 
illuminating results are now avail 
from researches in some of the ot! 
senses. To illustrate the comparati, 
attention devoted to the different senses 
one needs only to open a book of ref 
ence, such as the Encyclopedia Brit 
nica. In the last edition of this w 
dated 1926, over thirty-two pages 
devoted to sound, seventeen and a h 
to light, and four to touch, but only 
page and a half each to smell and tast 
The authors of this 
knowledge have either carelessly over 
looked the recent information on all t! 
five special senses, except sound, or t! 
consider it of too little merit to be pu 
lished in the 1922 and 1926 supplements 
As the World War aroused a livels 
terest in sound-detecting devices, te: 
pages about sound have been added 
the last two supplements. Light |! 
been ignored, although the subject 
illuminating devices, which does not be 
long to our discussion of senses, 
been brought up to date. One is 1 
surprised to know that the part played 
by smell in this war has been omitted 
for information on this topic is wid 
scattered and is of less importance than 
that about the part played by sow 
and light. 

Speaking about the senses, how mar 
do we have? Every one knows ab 
the five special ones, and many of 
are aware that we have other senses 
-alled the general senses but how man) 
Herrick tells us that we have, in reality 
more than twenty different 
Hearing, sight and touch are called the 
physical senses, and the first two are 
truly measurable, because their stimuli 
—sound waves and light waves—have 
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senses 
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FIG. 1. DIAGRAM OF A BLOCK 


OF A 
NERVE FIBERS 


(f), LIMITING MEMBRANE (1), 


OLFACTORY VESICLES (%), AND WALLS (W) OF THE FIVE 
THE OLFACTORY VESICLES AND CILIA, WHICH ARI 
SEMIFLUID (NOT SHOWN IN DRAWING), ARE 


A SURFACE VIEW. 
BY AN OUTER 
DRAWN FROM 


FROM THE 
KITTEN 
SHOWING IN SECTION AND PERSPECTIVE THE FOLLOWING: 

OLFACTORY 


VAN DER STRICHT’S PHOTOMICROGRAPHS AND 


OLFACTORY MUCOUS MEMBRANE 
BASAL CELLS (b), OLFA‘ 

CELLS (0), SUPPORT 
AND SIX-SIDED SUPPOI LLS FROM 
EMBEDDED IN AND SUPPORTED 
RECEPTORS OF SMELL. RF 


Figure 36, THE LATTER IN HER- 


THE TRUE 


RICK ’S BOOK.) 


been accurately measured and analyzed. 
As a result of all the thorough study of 


their stimuli, new worlds have been 
opened to us; in sound, by the use of 
the telegraph, telephone, microphone 
and radio; and in light, by the micro- 
scope, telescope, photographic camera 
and moving picture machine, and by 


bringing to our aid ultra-violet rays, 
X-rays and radium. In the light of 
all this exact knowledge, are we not 
justified in ealling hearing and sight 
true But 

and eall 
senses, chemicals in 


sciences ? how about smell 


taste? We 


because 


them chemical 
form 


Un- 


one 
or another serve as their stimuli. 
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FIG. 2. 











c 


OLFACTORY CELLS 


OLFACTORY CELLS (0) AND THEIR CILIA (Cc), AND THEIR SUPPORTING CELLS (8), FROM PARKER 
A, FROM MAN (AFTER VON BRUNN); B, FROM PIG (AFTER ALCOCK); C, FROM FROG (AFT! 
SCHULTZE), AND D, FROM A FISH (AFTER JAGODOWSE),. 


fortunately, however, the character of 


this stimulation has as yet defied thor- 
ough analysis and we have not learned 
how to weigh or measure its extent or 
intensity. It can not be said, therefore, 
that there is a true science of smell or 
of taste. 

When we consider the uses of smell 
in connection with food-getting and 
recognition among animals; when we 
appreciate how a knowledge of smell 
and taste in noxious insects aids us in 
our efforts to control them, and when we 
think of our own uses of these senses in 
medicine, perfumery and esthetics, and 
of the importance to our digestion and 
health of using them aright, we must 
realize that taste and smell, particularly 
the latter, should be more seriously 
studied. We need the information to 
be gained in this way. It can be used 
to our great advantage. 


Uses or SMELL AND TASTE IN MAN 

It is well known that appetizing 
odors and pleasant tastes make the 
mouth ‘‘water’’ by stimulating the 


salivary glands. This is brought ab: 
by one of Nature’s reflex mechanisms, 
the purpose of which, in this case. 
to welcome food to the mouth and begin 
its digestion there before it is carried t 
the stomach. Physiologists tell us tha 
what is true for the salivary glands 
equally true for the gastric glands 
the stomach, and that the latter ar 
fully as susceptible to gentle suggestions 
from the olfactory organs. It has been 
shown experimentally that smell and 
taste bring about the first processes in 
digestion. Niles says: 

Let us not, therefore, deem unimportant 
humble faculty of smell, which, though m 
is always alert and discriminating, and whos 
influence over the whole digesiive system is 
coming more and more appreciated. 

Disagreeable odors, from the view 
point of sanitation and the problem « 
eliminating them, cause the public 
health officer much concern. There is 4 
wide-spread belief that foul-smelling 
odors cause disease. This is not neces- 
sarily so, for to-day we can not ascribe 
any known disease to odor. The sources 
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of bad odors, nevertheless, may become 
breeding places for germ-carrying or- 
and of course these require 


ganisms, 
Then, too, although bad 


investigation. 


odors from a cesspool do not necessarily 


result in organic disease and its at- 
tendant physical suffering to those ex- 
posed to them, they will cause mental 
suffering unless the nuisance is soon 
abated, and often this is worse. 

Fumes emitted on a large scale from 
fermenting and putrefying substances 
have been reported, in certain cases in 
When 


poisonous gases, 


France, aS injurious to health. 
we are dealing with 
some of which are odorous, the results 
on health and 
even fatal. 
fatal or even dangerous in themselves, 


are sometimes serious 


Other gases, not necessarily 


sometimes serve as warnings of danger 
from similar sources. A smell of sewer 
gas may suggest a polluted water sup- 
ply, and the odor of coal gas may sug- 
gest the presence of the inodorous car- 
bon monoxide, which often proves fatal 
in closed garages and elsewhere. It has 
been found advisable to add odorous 
impurities to our manufactured illumi- 





FIG. 3. 


SHOWING INTERNAL STRUCTURE (A TO G) OF 


A, FROM LEG OF A HONEY-BEE; B, FROM ELYTRON OF A BEETLE; C, 


OLFACTORY 
INSECTS AND LYRIFORM ORGANS OF 
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nating gas as a safeguard against gas 
poisoning through carelessness. It is 
therefore literally true that our lives are 
often saved by means of our noses. 
Odors are often put to various indus- 
trial uses, as in the detection of leaks in 
boilers and pipe lines. For this pur- 
pose the oils of peppermint and winter 
green are generally used, mixed with 
water or air, and then foreed through 
the pipes and boilers; then by smelling 
at the cracks and joints can 
easily be located. A 
method is to use catnip oil and then to 
let a cat locate the leak. Furthermore, 
experiments have been conducted in the 


leaks 


more accurate 


use of odors as warning signs in mines. 
In the practice of medicine the phy- 
sician is using his nose more and more 
as an aid in diagnosis and medical writ- 
ers tell us that, if for no other reason, 
the sense of smell should be cultivated 
for this purpose. Certain diseases have 
characteristic smells, and the 
smell may with good reason be consid- 
ered of medico-legal importance. 
Bacteriologists use their noses in de- 
tecting the characteristic odors of cer- 


sense of 


PORES 
SPIDERS (H). 


FROM A LEG OF A LADY-BEETLE; 


D, FROM SECOND ANTENNAL SEGMENT OF A GRASSHOPPER; E, FROM WING OF A SILKWORM MOTH; 
F, FROM ANTENNA OF A BEETLE LARVA; G, FROM MAXILLARY PALPUS OF A TOMATO WORM, AND H, 
4 DIAGRAM REPRESENTING A BLOCK FROM LEG OF A SPIDER, SHOWING SURFACE VIEW OF THREE LYRI 


FORM ORGANS AND ONE IN SECTION. 


IN ALL THE FIGURES, EXCEPT C, F anp H; IN C AND F ITS TWO LAYERS ARE REPRESENTED. 


THE CHITIN (Ch) OR CUTICULA IS SHOWN BY SOLID BLACK 


Dp 
aids 


PORE APERTURE; Con, CHITINOUS CONE; Hyp, HYPODERMIS; N, NERVE FIBER; SC, SENSE CELL, 
AND SF, SENSE FIBER. 
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FIG. 4. EXTERNAL AND INTERNAL STRUCTURE OF ANTENNAL SENSE ORGANS 
MOST OF WHICH ARE CONSIDERED SMELLING ORGANS. A, DIAGRAM REPRESENTING A BLOCK FROM vario 
TIP END OF ANTENNA OF A WORKER HONEY-BEE, SHOWING TOUCH HaIRS (THr), PEGS (Pa), 1 f th 
PEGS (PP), FOREL FLASKS (FF), AND PORE PLATES (P) IN BOTH PERSPECTIVE AND SI able » 
Note.—THE MANNER IN WHICH THE SENSE FIBERS (SF) JOIN THE PLATES AND HAIRS IS DII conse 
ENT FROM THAT FIGURED BY MORE RECENT OBSERVERS, BUT IN EVERY CASE THE FIBER IS SEPARATE! disbe 
FROM THE OUTSIDE AIR BY A LAYER OF CUTICULA, 3, LONGITUDINAL SECTION THROUGH AN A) Et 
TENNA OF A WATER-BEETLE, SHOWING TWO PORE PLATES (P), A PIT PEG (PP), SENSE CELL « 
(SCG), NERVE FIBER (NF), AND SENSE FIBER (SF). (AFTER HOCHREUTHER. ) 


dians 
smell 


tain cultures, and chemists are con- has grown to such proportions that tl wond 


stantly using their olfactory organs as perfumers have included the subject of 
a help in analysis. smell as a part of their business, forget 
As we all know, industries of vast ting that their industry belongs 
importance have been based on the smell and not the reverse! ‘‘How’s 
knowledge of the senses gained through that?’’ they may say. ‘‘Perfumes : 
scientific investigation, and these indus- made to be smelled,’’ we reply, ‘‘and had 
tries, in many cases, have grown to such man been created without a smeller 
proportions that they have dwarfed, in there would have been no perfume . lar 
the public mind, the sciences that gave dustry, involving millions of dollars and live, 
them birth. As examples might be men- employing thousands of people, ranging with 
tioned the telephone industry, based on all the way from day laborers to t! distiz 
the sense of hearing and the science of most highly trained organic chemists.” men 
acoustics, and the moving-picture indus- Besides stimulating researches in chem 
try, based on the sense of sight and the istry, botany, zoology, physics, and eve! 
science of optics. The perfume indus- anthropology, the perfume industry has 
try, also, based on the sense of smell, opened up a special line of agriculture 
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leyoted to the growing of many plants 
would not otherwise have been 
produced. It should be stated also that 
‘» the endeavor to produce highly per- 
fumed flowers many of our cultivated 
plants highly prized for their color have 
resulted. The subject of perfumery in 
|| its phases is so large that volumes 
have been written on it, and its history, 


wl ich 


neluding that of cosmetics and soaps, 
which accompany perfumes, reaches into 
the remote past. How many users of 
nerfumes and cosmetics to-day are aware 
that they are still slightly in debt for 
their personal attractiveness to the 
efforts of early civilized man, particu- 
larly the early Egyptians? This part 
of the story reads like a romance but 
un only be mentioned here. 


ACUTENESS OF SMELL IN MAN 

Literature contains a number of ref- 
erences to the remarkable acuteness of 
the sense of smell in the aborigines of 
various countries. The smelling power 
f these primitive peoples is inconceiv- 
able to the average civilized person, and 
consequently the reader may believe or 
disbelieve these reports as he likes. 

Ethiopians and North-American In- 
dians have a remarkably keen sense of 
smell, which in part accounts for their 
wonderful power of trailing their ene- 
mies. An old history of the Antilles 
assures us that some of the Negroes there 
can, by smell alone, distinguish the foot- 
steps of a Frenchman from those of one 
of their own race. We are told that the 
cannibals and snake-eating tribes of 
Queensland by smell alone hunt and find 
a large species of boa upon which they 
live. Lumbholz, the observer in this ease, 
with his nose to the ground, could not 
distinguish the odor which these tribes- 
men were following with ease. Darwin 
cites the observations of Humboldt, who 
reported that certain Peruvian Indians 
could follow a trail by scent as reliably 
asahound. Another writer asserts that 
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he repeatedly conducted experiments 
which proved that Negroes and Indians 
recognize persons in darkness by their 
odors. 

In civilized man the sense 
most highly developed in the 
boy, James Mitchell, was 
deaf and dumb, and depend 
smell for keeping himself in touch 
the outer world. He readily observed 
the presence of a stranger in the room 
and formed his opinions of persons ap- 
parently from their characteristic smells 

One writer claims that every individ 
ual has his or her own odor, as distinct 
and personal as is his countenance. As 
is well known, a dog can easily distin- 
guish these odors, and by them can tell 
one from We 
stantly exude products of metabolism 


through the skin and, since these prod- 


person another. con- 


ucts always differ, no two of us are alike 
in regard to Another 
writer remarks that a person is generally 


odors emitted. 
unable to appreciate the differences in 
odor of the secretions of the skin under 
different strong emotions, although there 
is abundant evidence that the nature of 
these secretions is modified by emotions 
What a different world we should live 
in if the nose could analyze the various 
emotions so that we could easily distin- 
guish sincerity and sanctity from deceit 
and villainy! A third writer 
voted a whole chapter to 
personality,’’ and believes that a per- 


has « 


‘*smell and th 


son’s odor has much to do with his per- 
sonality. He says he is acquainted with 
English people who are able to recognize 
by smell not only different races and 
but different 
these supersensitive 
tances states that to her the 
atmosphere of a person is every whit as 


two even 


One of 


sexes, persons 
acqualin- 


odorous 


characteristic and unmistakable as is the 
play of features or the carriage of the 
figure. A fourth writer remarks that 
the African native disagreeable 
smell to the nostrils of the European, 


has a 
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FIG. 5. THE LOCATION OF PAPILLA AND TASTE ORGANS ON THE HUMAN 
TONGUE 
A, DORSAL VIEW OF TONGUE, SHOWING FOLIATE PAPILLZ (f) AND VALLATE PAPILLZ (v); B. 
SOUR TASTE, CONCENTRATED ON THE EDGE; C, THE SALTY TASTE, CONCENTRATED AT THE TIP A) 
ON THE EDGE; D, THE BITTER TASTE, CONCENTRATED AT THE BASE, AND E, THE SWEET TASTE, 
CENTRATED AT THE TIP. (ALL FROM PARKER; B TO E, MODIFIED AFTER HANIG. ) 


and that the European is still more 
offensive to the olfactory sense of a 
Japanese. 

Since no two individuals emit identi- 
eal body odors, and since the sexes differ 
in certain respects in their anatomy and 
physiology, we can imagine that they 
also differ in odor. Some human beings 
who have the power to distinguish in- 
dividuals by smell have described the 
personal odor as usually agreeable; and 
often in the case of the opposite sex, 
as exciting passion. The odors of but- 
terflies and moths play a great part in 
the courtship of these insects, thereby 
stimulating the mating instinct. We 
react, says one writer, to scents in some- 
what the same way, and usually for the 
same reason, although unconsciously. 
He further claims that sweet scents 
arouse the mating instinct, and since 
perfumes are used largely by women, he 
believes that these have the same effect. 
His final conclusion is that a sweet scent 
is one which will stir the instinct of 
courtship without evoking the idea of 
its natural end and object. 

Smell and sex have been correlated 


since ancient times, but the subject of 
smell was long ago tabooed, chiefly on 
account of this correlation. This may 


explain why our knowledge of the sub 


ject has not progressed further, notwith- 
standing that much has been writter 
about it by various classes of authors 
As substantial evidence of the part 
played by smell in matters of sex, wi 
are referred to the lower animals, par 
ticularly to dogs, and then taken back 
to the time of Aristotle as a starting 
point for the remainder of the story 
Further than that, it is known that eree 
tile tissues have been found in tly 
human nose, and the correlation between 
this structure and the generative organs 
has long been a matter of universal 
medical knowledge. 

Several writers claim that woman, in 
all ages, has appealed largely in court- 
ship to the olfactory sense of man 
Through all the ages there has been a 
definite relation between the nose and 
sex, although the human speeies has been 
practically unconscious of it. This sub- 
ject should be thought of as beautifully 
expressed by Tennyson: 
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Through all the centuries the season of flow- 
ers—the springtime—has been celebrated in 
amatory song and story as the season of love 
and of sexual delight. 

Our sense of smell in relation to cer- 
tain aromatic chemicals appears to be 
astonishingly acute, judging from the 
results obtained by Fischer and Pen- 
zoldt in experiments with chlorphenol 
and mereaptan. Assuming that 50 eubic 
centimeters of the scented air in the 
room in which these were 
evaporated were sufficient for olfaction, 
the quantity of chlorphenol smelled in 
this test was only 1/4,600,000 of a milli- 
gram, and the quantity of mercaptan 
was only 1/460,000,000 of a milligram. 
This infinitesimal quantity of mercap- 
tan, however, was estimated to contain 
900,000,000,000 molecules. Of all the 
aromaties tested by various investiga- 
tors, artificial musk has been found the 
most stimulating and it thus stands at 
the head of all olfactory stimuli. The 
most active mercaptan (propyl mercap- 
tan) tested by Allison and Katz was 
perceived at a concentration of 0.006 
milligram per liter of air, which is equal 
to 6/1,000,000 of a milligram per cubic 
centimeter. This figure is far removed 
from that of 1/23,000,000,000 of a milli- 
gram per cubic centimeter, furnished 
by Fischer and Penzoldt. 

In spite of the numerous discrepan- 
cies between the results of various in- 
vestigators, we must admit that olfac- 
tion is accomplished through very small, 
often infinitesimal, quantities of sub- 
stances; and yet these quantities involve 
large numbers of molecules of the aro- 
matics, 

The reader may wonder how such 
large discrepancies come about. Briefly 
stated, because smell is not yet a true 
science; that is, we have no means of 
measuring odors, except by our noses, 
and no two noses have the same smelling 
ability. Further than that, the proce- 
dure of preparing and using odorous 


chemicals 
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With 


is hardly possible 


materials is not standardized. 
these handicaps, it 
for the investigators to obtain similar 


results. 


SMELL AND TASTE DO NOT DIFFER 
WIDELY 

Smell and taste in man and the higher 
animals are closely related, and often 
can not be separated, and in the lower 
animals they ean scarcely be separated 
at all. In the higher animals the 
of both are stimulated by substances in 
solution. Materials to be tasted 
mixed with or dissolved by saliva in the 


organs 
are 


mouth, while odorous particles are dis- 
solved by the mucous covering of the 
Parker 


olfactory organs in the nose. 


and Stabler say: 


We therefore definite ly abandon the ide: 


busis of the 


taste and smell differ on the 
? 


ical condition of the stimulus, a state of 
tion for taste, a gaseous or vaporou 


A SINGLE TASTE-BUD FROM THE 
HUMAN TONGUE 
SHOWING THE NERVE FIBERS (f) INDIRECTLY IN 
NERVATING THE EPITHELIUM (@) 
THE SUPPORTING CELLS (s) 
WHOSE OUTER 
TIMES BEYOND THE PORE (Pp). 
AFTER MARKEL-HENLE. ) 


FIG. 6. 


SURROUNDING 
TASTE CELLS (¢), 


AND 


ENDS PROJECT INTO AND SOME 


(From HERRICK, 
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FIG. 7. THE MOUTH PARTS OF HONEY-BEE 


SPREAD OUT FLAT, SHOWING LOCATION OF SO-CALLED TASTE ORGANS (a TO d), OTHER TOUCH HAI 


(THr) AND OLFACTORY PORES (Por). A, DORSAL SURFACES OF TONGUE OR GLOSSA (G), PA 
GLOSSA (Pg), PALPIGERS (P) AND LABRUM (L), INNER SURFACES OF LABIAL PALPI (LP) AND 


I 


OUTER SURFACES OF MAXILLZ (M) AND MANDIBLES (Md); B, VENTRAL VIEW OF EPIPHARYNX (1 
AND LABRUM (L), AND C, INNER SURFACE OF PHARYNGEAL PLATE. ALL THE HAIRS SHOWN 


INNERVATED, WHILE THE EXTREMELY LARGE ONES ON THE TONGUE HAVE BEEN OMITTED. 


for smell, and maintain that both senses are 
stimulated by solutions, though in smell, at 
least for air-inhabiting vertebrates, the solvent 
is of a very special kind. . . . In air-inhabiting 
vertebrates, the olfactory solvent is a slimy 
fluid of organic origin and not easily imitated. 
. - . We therefore believe that we are correct 
in concluding that we smell enormously atten- 
uated solutions and taste only relatively strong 


ones. In this respect the two senses may 
said to differ from each other more or 
as ordinary scales do from a chemical bala 
taste is used in determining the presence: 
relatively large amounts of substance, smell f 
only the most minute quantities. 


From all that has been written on the 
theory of odors we may conclude that 
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smell depends (1) upon the volatility of 
the odorous substance, (2) on the solu- 
bility of the odorous particles in the 
watery mucus of the nose, (3) on their 
solubility in the fatty or lipoid ends of 
the olfactory cells, and (4) on the chemi- 
eal reaction which takes place in these 
cells. A substance, says Durrans, which 
fails to satisfy any one or more of these 
factors is odorless, and it is obvious that 
variations in these factors will produce 
both the intensity and 
Durrans believes that 


variations in 
uality of odors. 
the quality of odor is determined pri- 
marily by the chemical properties of a 
substance, whereas the intensity is 
simultaneously governed by the physical 


properties. 

Much has been written, also, on t 
theory of taste, and nearly all the writ- 
agreed that 


he 


taste is purely a 
not physical, as 

Briefly stated, 
ions are usually the keys employed for 


ers are 
chemical 
many claim for smell. 


process, and 


unlocking the sensations of taste. 

It is weil known that flavors are smell 
sensations. To have a sensation of smell, 
an actual stream of air through the 
upper portion of the nose is necessary, 
and this is accomplished best by sniffing. 
That is, smell is accomplished by in- 
spiration or breathing in through the 
nose, while the sensation of flavor is pro- 
duced by expiration or breathing out 
through the nose, and the intensity of 
flavors is increased by smacking the lips, 
thus helping to force the scented air 
through the nose. 

In regard to future research along the 
olfactory line, Hendrick says: 

The organic chemists have outstepped the 
physiologists; they have discovered molecular 

among certain odoriferous 
. we are engaged in what the com- 


cousinships sub- 
stances . 
mercial traveler calls a different line; what we 
want is the philosophy of smelling. 

In another respect research has been in prog- 
ress for some time and there seems to be light 
in the offing. The entomologists are at work 


AND TASTE 
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and they recognize this function in thei 
of insects. 

We are sorely in need 
olfactory line. We 
the nature of electricity and 
good men are working over 
nomena of smell we are still medieval. 
we maintain a simple curi 
mates children and great men, there will 


( f research 


still qu 


sity such 
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from laboratories one fact after another which 
has not been known before. 


In other respects smell and taste do 
not differ widely. Both senses can be 
cultivated, fatigued and _ destroyed. 
Tastes have definite names while smells 
have indefinite ones. The location of 
their respective sense organs is definitely 
known in the vertebrates, but indefi- 
nitely known in the invertebrates. In 
structure these organs do not differ as 
widely as is generally believed. The 
olfactory organs in vertebrates are illus- 
trated in figures 1 and 2, and in inver- 
tebrates in figures 3 and 4. Figures 5 
and 6 represent taste organs in verte- 
brates, while figure 7 represents them in 
an invertebrate. 

INSECTS CAN SMELL EQUALLY AS WELL 
AS THE HIGHER ANIMALS 

For ages the dog’s nose has been re- 

garded as the most acute smelling organ 














possessed by any animal, but a reviey 
of the literature shows that the ‘‘ noses’? 
of insects are close competitors and pos- 
sibly second to none, The sense of mel 
of the horse, cow, pig and elephant, a; 
of many other domesticated and wi 
animals, is remarkably developed, and 
perhaps would compare favorably wit! 
that of the dog. 

To show how well insects can smell a 
compared to dogs, Fabre tells us abou 
hunting truffles, which are a species of 
mushroom growing under the ground. 

The dog finds the truffles by smelling 
earth quite close to the tuber; but he finds } 
master at great distances by following his f 
steps, which he recognizes by their scent. 
ean he find the truffle at a hundred yards 
his master, in the complete absence of a t 
No. With all his fineness of scent, the d 
incapable of such feats as are realized by 
moth, which is embarrassed neither by dist 
nor the absence of a trail. 


A Dutch writer makes the remarkabl 


FIG. 9. THE LOCATION OF SPECIAL SCENT GLANDS IN ELEPHANT AND HOGS 

A, DRAWING FROM POCOCK’S PHOTOGRAPH OF A YOUNG MALAYAN ELEPHANT, SHOWING LOCATION 

OF TEMPORAL SCENT GLAND (8) BETWEEN EYE AND EAR; B AND C, UNDERSIDE OF FEET OF HOGS, 

SHOWING LOCATION OF SCENT GLANDS (8) ON FRONT FOOT OF COMMON PIG (B) AND ON HIND FOOT 
or SouTH AFRICAN BUSH-PIG (C). (AFTER POCOCK.) 
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statement that more than one person has 
been known to be able to smell sugar in 
tea and salt in soup; but that Albert, a 
police dog, smelled common table salt 
and quinine in solution at a concentra- 
ion of 1 to 10,000. Albert was also able 
to associate a pocket-book with its owner, 
and to distinguish pebbles which had 
been touched lightly with the fingers. 
The dog, like people, can experience a 
variety of olfactory qualities; further- 
more, he has the power to analyze a mix- 
ture of odors and to attend exclusively 
to one component of it. This is a power 
that we lack almost entirely. The dog, 


and perhaps many other animals, can 
analyze a complex of odors as a trained 


musician analyzes a chord. 

Dogs can trail men and 
merely by smell, as illustrated in figure 
8. Ants and termites can follow their 
own tracks by smell, but in these cases 
there are other factors to be considered, 
although smell is probably the most im- 
portant one. 

Dogs ean find hidden food merely by 
smell; so can insects. Flower-loving in- 
sects recognize their food partly by 
smell, but as dogs do not care for flowers 
no comparison can be made on this 
point. Male insects find their mates 
partly by smell; so do dogs. 

It is known that honeybees, ants, and 
termites communicate largely by smell; 
perhaps the same is true of dogs, 
although as to this we have no definite 
information. Frisch has gone so far as 
to cal] smell the ‘‘language’’ of honey- 
bees, and a small book could be written 
on this subject alone. 


animals 


MEANS OF PRODUCING ODORS FOR 
RECOGNITION 
Long ago it was stated that most ani- 
mals emit odors peculiar not only to the 
individual, variety, race, and species, 
but also to the genus, family, order, and 
class, and that these odors are the chief 
means by which one animal recognizes 


SKIN OF 


DERMIS 


SECTION OF 
EPIDERMIS (£); 


FIG. 10. 
SHOWING 
(h), ARISING FROM A HAIR Ft 
EMPTIES SECRETION OF 

AND 


SWEAT GLANDS (W) 


PASS SPIRAL-LIKE THROU( EPIDERMI 
BLOOD VESSELS (); FAT CELLS 

(n), WHICH INNERVATES THE SENSI 
(From HERTWIG, AFTER WIED! 


MODIFIED 


AND NERVE 
PAPILL2. 


RSHEIM, SLIGHTLY 


other animals. Without the aid of the 
eyes the degenerate human nose is able 
to distinguish a horse from a cow, a goat 
from a ree, a dog from a cat, a martin 
from a fox, a crow from a pigeon, a 
parrot from a hen, a lizard from a snake, 
and even a carrion crow from a hooded 
crow. 

All odors arising from the skin, hair, 
feathers, or scales of an animal have 
their sources in secretions or excretions 
which pass through the skin or integu- 
ment by special ducts or pores, and not 
directly through by osmosis; in some 
animals, however, particularly certain 
insects, the existence of these pores has 
not yet been definitely established. The 
scent-producing organs, which may pos- 
sibly include three types of glands 
special scent glands, sweat glands and 
sebaceous glands—have not yet been 
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thoroughly and systematically studied 
in any order of animals, and in most 
cases definite and specific functions have 
not been assigned to the various types. 
Odors may also be emitted from the body 
at either end of the alimentary canal, 
but these probably play no part in 
recognition among animals, 

Special scent glands have been found 
in a large number of animals, including 
deer, antelope, goat, sheep, chamois, 
musk deer, musk ox, hog, elephant, bat, 
shrew, beaver, muskrat, and aard-vark. 
In the elephant (Fig. 9, A, s) the large 
gland lies beneath the skin of the face. 
It enlarges in the male at the rutting 
season, and the secretion has a strong 
musky odor. Our commercial musk 
comes from the bag of the musk deer, 
and our castoreum from the scent bag 
of the beaver. Both of these aromatics 
are used extensively in perfumes and 
medicines. 

Since the anal glands have been found 
in such a wide range of mammals—from 
the lowest (duckbill) to the highest 
(man)—we may assume that they are 








FIG. 11. THE LOCATION OF 


A, SUPERFICIAL VIEW FROM ELYTRON OF A COTTON BOLL-WEEVIL, SHOWING LARGE HAIRS (h 
B, CROSS-SECTION THROUGH TAKSUS OR FOOT 


WIDELY SCATTERED GLAND PORES (p). 


SHOWING NERVES (n) RUNNING TO TOUCH HAIRS (t) AND GLAND CELLS (g) WHICH, WHEN STIMULATED, 
FORCE THEIR STICKY SECRETION THROUGH OPENINGS IN NUMEROUS HAIRS ; 


OF THE FEET. (FROM PACKARD, AFTER DEWITZ. ) 


FAN-SHAPED GROUP OF SCENT HAIRS (3). 


SCHRODER, AFTER FREILING.) 


SACS OR OSMATERIUM (8), WHICH EMIT A DEFENSIVE ODOR. 


SCENT GLANDS OF 


(From SCHRODER, AFTER ILLIG.) 


SILKWORM MOTH, SHOWING THE EVERSIBLE SACS (s) AS SCENT-PRODUCING ORGANS. 
E, LARVA OF A SWALLOW-TAIL BUTTERFLY, SHOWING EVERSIBI 
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common to a large percentage of mam 
mals. Anal glands are also present in 
some insects. They are most constant 
and best developed, as a rule, in the 
nivorous animals, where, in regard 
the secretion produced, they reach their 
climax in the polecat of Europe and 
the skunk of America, but the largest 
ones are found in the hyena. 

Other special scent glands lie in t! 
feet, and their secondary function is 
probably to leave scented tracks wher 
ever the animal steps. Those in th 
feet of hogs (Fig. 9, B and C, s) ar 
good examples. 

The skin of mammals, in particular, is 
characterized by richness in glands, of 
which there are two kinds. Of these, 
sweat glands (Fig. 10, w) are common 
to mammals, while sebaceous 
glands (s) are common to birds and 
mammals, The sebaceous glands usually 
open around the base of hairs (h) in 
depressions called hair follicles, and not 
into the cavity or lumen of the hairs 
On the palms of a human being sweat 
glands number 1,100 to the square centi- 
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END OF ABDOMEN OF A 
HONEY-BEE 


DIAGRAMMATIC TRANSVERSE-LONGITUDINAL VIEW, 


FIG. 12. THE 


SHOWING SCENT-PRODUCING ORGAN COMPOSED OF 
CANAL OR POUCH 
LYING BE 


ARTICULAR MEMBRANE (7), 


p), AND NUMEROUS GLAND CELLS 


NEATH THIS POUCH. 


meter, and their total number in man is 
said to be about two million. 

Horses and some other animals sweat 
freely, but it has been said that the dog, 
“at, rabbit, rat and mouse do not sweat 
at all, or, if they do, only between the 
This statement expresses only part 
of the truth, because these animals do 
perspire on other parts of the body, 
although not to any perceptible extent 
except on their footpads. 

Primarily the sweat glands constitute 
an automatic device for holding the body 
temperature at a constant degree, while 
their secondary function is probably 
recognition. The perspiration is a clear, 
colorless fluid with a salty taste and of 
different odors from different parts of 
the body. Sweat is 99 per cent. water 
and the other 1 per cent. consists of 


+ . 
oes 
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urea, ammonia, fatty substances and 


certain other compounds. Its 
fats are said to come from the 


neutral 
sebact ous 
glands, although the sweat glands them 
selves secrete other fatty substances, of 
which the volatile emit the 
peculiar odor characteristic of sweat 
The primary function of the sebaceous 
and 


fatty acids 


glands is to lubricate the skin, hair 


hav 


a Se@C- 


feathers of animals; if they 

ondary function it might be recognition. 

The these gla 

sebum, is an oily semifluid 

but on the surface of the 

fies, forming a greasy coating 
We understand 

odors emitted 

We can also understand 


secretion of 
skin it 


can now why 


from two animals diff 


how aogs 


smell alone, even in total darkness, can 


distinguish their masters and the mem 
bers of their households from 
Besides the glands already mentioned, 


strangers 


animals have certain other glands whos« 


] 


secretions may also be odorous and per 
haps sexually attractive; for instance, 


T > 
he 


the glands connected with t venitals 
Sweat 


are present 


glands and sebaceous glands 
in the higher animals, but 
therefore 


sweat. 


insects, sé 

They 
animals, 
the 
corresponds more or less closely to the 
the air 
live, and therefore do not 
Nevertheless, many insects pos 
sess glands which, being widely distrib 
uted the 


closely resemble sebaceous glands. 


absent in insects: 
know, do not 
belong to the cold-blooded 


temperature most of 


far as we 


whose time 


temperature of in which they 


need sweat 


glands. 


over entire body surface, 


since 
these glands are not needed for lubricat 
they must 


ing have some 
other function, and that they are 


very 


purposes, 
used 
for recognition seems reasonable. 
Those of the cotton boll weevil (Fig. 11, 
A, p) illustrate this point. 

As specialized glands under this type 
are the adhesive glands (Fig. 11, B) in 
the feet of many insects, particularly in 
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FIG. 13. AN INSECT OLFACTOMETER 
SHOWING THE FOLLOWING PARTS; A, STEM OF Y-TUBE; A., FORKS OF Y-TUBE; A,, EXIT OF Y-TI 
A,, ENTRANCE TUBES OF Y-TUBE; B, BOTTLE TO HOLD ODOROUS SUBSTANCE; B,, BOTTLE TO H 
CONTROL SUBSTANCE; B, AND B,, EXIT AND ENTRANCE TUBES OF BOTTLES B AND B,; C, PLANT 
CHAMBER; C,, LIVING POTATO PLANT; C, AND C,, EXIT AND ENTRANCE TUBES OF PLANT CHAMBI 
D, DARK BOTTLE TO HOLD INSECTS; E AND E,, ¥IVE-GALLON BOTTLES, THE LATTER STANDIN( 
THE FLOOR; E, AND E,, SIPHONS, THE LATTER FOUR FEET LONG; F, FIVE-INCH CUBIC BOX, THROUGH 


WHICH Y-TUBE IS INSERTED, TO ELIMINATE SIDE LIGHTS, ETC.; G, THICK BOARD; H, ELECTRI 


T 


LIGHT; AND J, THERMOMETER. 


all of those that can walk on perpen- 
dicular surfaces, or even upside down. 
Although the primary function of these 
glands is certainly to enable insects to 
walk on smooth perpendicular surfaces, 
a secondary use is probably that of 


recognition. In ants, termites, and all 
the other insects which follow scented 
trails this secondary use seems especially 
plausible. The adhesive glands lie in 
the soft pads on the under side of the 
feet, and are usually connected with 
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small hairs, called tenent hairs (h). to attract the opposite sex. They have 
These hairs are hollow, and usually open been regarded as aromatic, volatile oils 
at their tip ends; and through them the Their odors usually are, to man, very 
sticky secretion from the glands is_ pleasant indeed, and have been described 
forced to the exterior, where under cer- as resembling many of our most pleasing 
tain conditions it may be seen as fine’ scents, even including those from some 
threads. This example shows how of our fancy perfumes. As a rule each 
scented trails may possibly be made by species of insect has its own character 
the feet of insects in much the same way istic odor. 

as scented tracks are made by dogs, the In the case of a third 
sweat glands in the pads of the dogs’ glands, eversible sacs or pouches, usually 


feet seeming to deposit an odorous ma- lined with tiny hairs which connect with 


? 


tvpe ort sce 


terial wherever a dog steps. Further’ the glands, serve as special devices for 
than this, ants and termites have been storing the secretion and distributing 
bserved to lay down scented trails by the odors. With some species th 
from these glands serve for allurement 


. odors 


depositing tiny specks of material from 
the tip ends of their abdomens, and Fig. 11, D, s), and i 
thereafter they follow these tracks. species for defense (Fig. 11, E, s 

The dorsal scent gland of the honey 


belongs to a fourth type 


n the ease of other 


Scent glands of a second type include 
peculiarly arranged tufts of long hairs bee (Fig. 12 
on the legs and elsewhere on male moths and is one of the most highly developed 
Fig. 11, C, s). The secretions from of the scent glands used for recognition 
all these organs have been credited with purposes. 
purposes of allurement and are supposed The anal glands of insects, already 
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FIG. 14. THE RESPONSES OF POTATO BEETLES 


WATER EXTRACTS AND 


ATTRACTIVENESS 
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TO EMANATIONS FROM THEIR LIVING HOST PLANTS, AND TO ODORS FROM 
POTTED NINETEEN DAYS; B, 


D, EXTRACT OF 


STEAM DISTILLATES OF THESE PLANTS. A, SMALL POTATO PLANT, 

SMALL BRANCH OF TOMATO PLANT IN WATER; C, EXTRACT OF POTATO FOLIAGE; 

JIMSONWEED; AND E, DISTILLATE OF POTATO FOLIAGE. THE FIRST POINT IN EACH CURVE REPRE 

SENTS A SINGLE RESPONSE, WHILE EACH OF THE OTHERS REPRESENTS THE AVERAGE 
VIDUAL RESPONSES. 


OF FOUR INDI 
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mentioned, belong to a fifth type, and 
are supposed to serve only as defensive 
weapons. 


Uses oF SMELL AND TASTE IN Economic 
ENTOMOLOGY 

The perfume industry is perhaps the 
most important practical application of 
smell, and the writer ventures to say 
that in economic entomology is found its 
second most important one. Few people 
realize the part which smell and taste 
play in helping to control insects. The 
information gained while using attrac- 
tive baits and repellents to control in- 
sects has come about in a haphazard 
way, by the trial-and-error method, the 
most laborious and expensive procedure 
of all. We should no longer be com- 
pelled to use this method, but since no 
definite rules have been established there 
seems to be no other way of attacking 
problems dealing with the senses de- 
pending upon chemical properties. The 
likes and dislikes of insects in regard to 
attractive and repellent odors are so dif- 
ferent from our own that a person’s 
sensations can not be used as a guide. 
This paper is meant chiefly as a plea for 
more and better fundamental research 
on smell and taste, so that the informa- 
tion obtained may be applied more ad- 
vantageously. 


1. Uses oF SMELL IN BEEKEEPING 


Smell seems to be the chief factor on 
which the social life of a colony of bees 
is founded, and it is the sense utilized 
by the beekeeper in controlling them. 
The use of smoke has been found the 
most available means of controlling bees, 
but it might be argued that smoke is an 
irritant and does not necessarily control 
bees by affecting their smelling organs. 
This question is debatable, although bees 
can detect smaller quantities of smoke 
than can a person, and a small amount 
of it does not irritate us. 


Other facts relating to smell in be, 
keeping are as follows: (1) A new hiy, 
odor is formed in uniting colonies 
(2) The foreign hive odor is eliminate, 
when queens are introduced. (3 
odors help in catching swarms. (4) The 
absence or presence of the queen odor 
helps us to tell whether or not a colony 
is queenless, and aids us in locating lost 
queens. 


2. ATTRACTIVE BAITS HELP TO Co? 
Many INSEcTs 


It is questionable whether smell is t! 
only sense used by insects to distinguis! 
attractive baits; taste should therefo: 
be included, although the writer believes 
that insects lack a true sense of tast 
Two kinds of odorous materials are used 
in controlling insects, attrahents, usually 
called ‘‘attractants,’’ and repellents. 

The more extensively science is aj 
plied to better living, the more mar 
thinks of ridding himself of his numer 
ous pests. For ages grasshopper or 
locust plagues were tolerated as if an 
efficient control were impossible, and, in 
fact, there would still be no preventive 
had not economic entomologists pr 
pared a food which proved more attrac- 
tive to grasshoppers than are their 
natural food plants. 

Attractive poisoned baits for grass- 
hoppers were first tried in 1885 in Cali- 
fornia. They consisted of bran, arsenic, 
sugar and water. Cheap molasses was 
later substituted for the sugar, and even 
to-day molasses is still generally used, 
although some writers doubt whether it 
really adds to the attractiveness of the 
bait. By 1892 grasshopper baits, con- 
sisting of bran, Paris green, molasses 
and water, were found successful. After 
entomologists had prepared a food which 
grasshoppers liked better than their 
natural one, the next problem was to 
improve it in every way possible, par- 
ticularly in regard to its inexpensiveness 
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and attractiveness. Finely chopped 
oranges or lemons were added to make 


the bait more attractive. Many other 


substances have since been tried as at- 
tractants, but the next important step 
was the substitution of amyl acetate or 
hanana oil for the very much more ex- 
pensive oranges or lemons in the bait. 


Now let us cite one example of recent 
erasshopper campaigns to show the im- 
mense quantities of poisoned bait used 
and the millions of dollars saved by its 
application. 

In 1921 war 
grasshoppers in western 
the campaign was organized on a semi- 
military basis. In Saskatchewan the 
supplies furnished to the municipality 
amounted to 2,720 tons of bran, 225 tons 
of sawdust, 112,636 gallons of molasses, 
9805 eases of lemons, 166 tons of ar- 
senic, 34 tons of Paris green, and one 
barrel of amyl acetate. The campaign 
in this province alone is estimated to 
have saved the crops on 1,400,000 acres. 

Attractive poisoned-bran baits are also 
used as control measures against army- 
worms, cutworms, crickets, and earwigs, 
thus saving the farmers and others mil- 
lions of dollars. 

Everyone knows that ants are very 
fond of sweet foods. At first thought, 
therefore, it would seem an easy matter 
to induce ants to eat poisoned foods; not 
so, however, for they are too ‘‘smart’’ 
to be easily fooled in such a manner. 
In fact, man with all his intelligence 
had to experiment a long time before he 
succeeded in preparing a poisoned food 
which they relished and would earry to 
their young in the nest. Perhaps Solo- 
mon with ail his wisdom could not have 
succeeded in this difficult task. 

Ants have always been found very 
dificult to control even when all known 
measures have been employed against 
them. Poisoned baits for ants were 
formerly not considered successful and 
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The 


ants were 


were seldom recommended first 
poisoned baits tried 
very simple, consisting of 
stance, sugar sirup or honey, to which 


added 


Paris green. 


against 
a sweet sub- 


poison such as arsenic or 
From time to time other 
substances added to the 
liquids, but very little improvement re- 
this The greatest 
was the discovery of 


was 


were sweet 
im- 
the 
ingredients, 


sulted in 
provement 
proper proportion of the 
and the best method of combining them. 
gut this discovery was not made by our 


way. 


economic entomologists until about 1909, 
when the presence and spread in our 
states of the Argentine ant, 
the worst ant pest the world has ever 


southern 


known, demanded a far better material 
and method for eradication than 
any that had been devised. After many 
trials and failures, or partial failures, a 
satisfactory bait was finally prepared 
which is now generally recommended as 
noxious ants. It 
water, sodium 


and 


ant 


a remedy against all 
contains honey, 
arsenite, tartaric acid 


sugar, 
benzoate of 
soda, Great care has to be exercised in 
preparing this bait, and particular at- 
tention has to be paid to the cleanliness 
of the vessels used, for if the bait acci- 
dentaily becomes flavored with any un- 
desirable substance the ants will ‘‘leave 
it severely alone.’ 

In 1922 the Argentine ant 
covered in Mississippi, and since then 


was dis- 
successful campaigns have been waged 
against it by the use of thousands of 
cans of the bait The 
State reports for 1926 declared that the 
ant campaigns had been entirely success- 
ful and that complete eradication in 
Mississippi seemed near at hand; they 
remarked that the people knew that if 
this ant was not eradicated, every prop- 
erty and every house, barn, store, and 
other building would become infested, 
thus causing an annual loss of millions 
of dollars not only to themselves, but 


deseribed above . 
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later to their children and grandchil- 
dren. War against this ant by the 
poisoned bait method is also being suc- 
cessfully waged in our citrus orchards, 
especially those of California, and in 
foreign countries, 

The struggle against the olive fly, the 
worst enemy of the olive tree, has been 
a long and hard contest that has seri- 
ously taxed the ingenuity of man, and 
apparently no progress was made until 
some one discovered that the olive fly 
had a ‘‘sweet tooth,’’ and could be led 
to its doom by attraction to poisoned 
sweet foods. How this was finally ac- 
complished is a long story, extending 
over a quarter century, and can not be 
related here. It appears, however, that 


all the countries troubled with this pest 
are now generally using the method, 
which consists of spraying with a poi- 
soned sweet, and that they spray only a 
part of each olive tree; in fact, only 


enough of it to attract the olive fly. 
This reduces the danger to beneficial 
insects, which are more abundantly at- 
tracted when the entire tree is sprayed. 
A syndicate for controlling the olive fly 
has been organized in Italy and a stand- 
ard formula—90 gallons of water, 100 
pounds of molasses, and 2.5 or 3 pounds 
of sodium arsenite adopted for the 
spray. Thus the seemingly trivial dis- 
covery that olive flies are attracted by 
sweet substances has led to practical 
methods whereby the olive industry in 
many parts of the world, involving mil- 
lions of dollars, has been saved. 

Other fruit flies, including the Medi- 
terranean fruit fly and the melon fly, 
are partly controlled by attractive baits. 
The house fly and its near relatives are 
attracted by many substances used as 
baits, but we are not yet certain what 
constituent or constituents in their food 
really do the attracting. More research 
is badly needed here. 

Many efforts have been made to dis- 
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cover successful attractants for noxioy 
moths and beetles, but so far few pr 
tical methods have been devised. 
though work along this line is now being 
carried on more seriously than ever he. 
fore, and the results already obtained 
are very promising. This 
dealt chiefly with the codling mot] 
which causes wormy apples, the orient 
peach moth, and the Japanese beet 
The most promising and striking 
ample of how a definite chemical ¢ 
stituent ean allure myriads of insect 
to their destruction is the use of bait 
scented with geraniol to attract Japa 
nese beetles, as recently demonstrated 
by Richmond, at Riverton, N. J. For 
twenty years or more much has be 
done toward developing a remedy 
the strawberry root weevil, but not unt 
recently has a satisfactory control me: 
sure been discovered. An attractiy 
poisonous bait has at last been developed mary 
by Forsell. It is claimed that the dis- Pe 
eovery and perfection of this bait marks 
an important horticultural step in th 


work } a 


deriv 
bolic 


tne oO 


stores 


amon 


ton, because this weevil had become ; 
serious in many places that the straw 
berry-growing industry seemed doomed 


3. REPELLENTS HELP TO CONTROL MAN 
INSECTS althor 
As already stated, attractants lure 1 
sects to traps or to poisoned baits wher 
they may be killed by sprays or othier- 
wise, or where they die after eating t! 
poisoned food. Most repellents, on th 
other hand, are usually effective for 
short periods only and have to be fre- 
quently renewed. For a time they will 
keep harmful insects a short distane 
from our bodies and those of our animal 
friends or from our cultivated plants 
A few repellents, nevertheless, may 
effective under certain conditions for 
long periods. As examples, those em- 
ployed to repel insects from stored 
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clothing and museum collections of in- 
sects and other animals may be cited. 

Smoke has been referred to as a re- 
nellent to control honeybees, and it is 
also an effective one against mosquitoes 
and biting-flies. 

Many substances used as repellents 
emit poisonous exhalations. It is ques- 
whether in these it i 

through the action of 

sense that the 
driven away. In other words, we do not 
know whether the effect is 
caused by the stimulation of the smelling 
organs by these exhalations or whether 


cases 1t 1S 
the 


are 


tionable 
primarily 
olfactory insects 


repellent 
the insects are injured by the passage 


exhalations the breathing 
Poisonous repellents include coal 


of the into 
pores. 
ar and petroleum and many of their 

such as naphthalene, car- 


In other cases 


derivatives, 
bolic acid, and kerosene. 
the olfactory sense is certainly the pri- 
mary factor to be considered. 

People long ago began to search drug- 
for mosquito and 
among the first ones tried were camphor 
and certain By 1900 a 
large list of aromatics were being used 


repellents 


stores 


essential oils. 
as mosquito repellents, oil of citronella 
being the most promising. There are 
now numerous mosquito ‘‘chasers’’ on 
the market. Most of them are effective, 
although rather expensive, and perhaps 
as those 
and 


in most cases not so efficient 
recommended by 
medical men. They are usually com- 
posed of one or more essential oils com- 
bined with some heavy oil or grease and 
are to be applied as a lotion, spray, or 
ointment, depending on their consis- 
tency. 

How do these substances afford pro- 
tection against mosquito bites? One 
writer claims that mosquitoes are guided 
to a person in the dark by the odors 
emitted from the skin, and that all that 
is necessary is to disguise the smell of 
the skin. He concludes that the so-called 


entomologists 
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mosquito repellents are not really re 


pugnant to these insects but are effective 
merely because they change or disguise 
the attractive 
skin. A 
these substances repel 


human 
that 


directly by emit 


odors 
second writer lieves 
ting odors or vapors which are disagré 
able or harmful to mosquit 

Before 1889 there were a fi fly re 
pellents on the market. oe the 
of the twentieth tury the 


char 


first decade 
proprietary 
acter had greatly incre 
The two most importar 
at thi 
sprays for the protection of dairy cows 
the 
certain kinds of 


preparations of this 


number 


ised 


lents introduced 


and mixtures designed to prevent 
flies from laying their 
eggs in the wounds of livestoe! 

In the effort to prevent flies from lay 
‘re their larvas 
called 
has 


screw 


ing eggs in wounds, whx 


or maggots produce a disease 


myiasis, much experimental work 


been done In the Southwest 
worm flies cause an annual loss of about 
$4.000.000 to the 
Since 1915 Bishopp and his co-workers 
have taken the lead in this 

measures 


One of the control 


livestock industry 


in Texas 


resea reh, 


recommended is the use of repellents, 


one for practical use 


furfural 


a very effective 
being a mixture of one 
and 4 parts of pine-tar oil 

Repellents are included 
control measures for 
flies, botflies, 
black flies, 
sandfly fever, and a few beetles, moths, 
how- 


part 
among the 
blowrflies. tsetse 
buffalo 
midgets 


certain enats or 


certain causing 


most 


and other insects. In cases, 
ever, repellents, for various reasons, are 


not reliable remedies 


INSECTS BY 


4. Do PLANTS ATTRACT 
EMANATIONS 

It is well known that flower-loving in 
sects are attracted to flowers by two 
senses—sight and the econ- 
troversy as to which is the sense that 


smell: and 
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mainly guides these insects in their 
quests has apparently been settled by 
the decision that sight is the more im- 
portant. In spite of this it can not be 
stated positively that the whole truth 
regarding this is yet known, because the 
experimenters did not entirely control 
or eliminate the other senses while try- 
ing to prove the function of the sense in 
question. Since only a small percentage 
of insects are flower-loving, the results 
pertaining to them have only an indirect 
bearing on all the other insects which 
search for host plants. Certain mem- 
bers of this larger group of insects have 
recently been studied by the writer while 
making a fundamental investigation of 
plant emanations, attractants, and re- 
pellents. In order to be certain that no 
other sense aided the olfactory responses, 
a special apparatus was developed which 
practically eliminated or controlled all 
the stimuli except the olfactory ones. 
Economie entomologists have become 
more and more interested in this general 
subject and a study of the fundamentals 
underlying it would be of interest to all 
students of the interrelationships of 
plants and insects. 

Briefly, the apparatus, called an in- 
sect olfactometer, consists of a specially 
constructed glass Y-tube (Fig. 13, A, 
A,, A;, A,) through which insects pass 
from a dark chamber (D), being at- 
tracted by a light (H) suspended near 
the free ends of the forks of this tube. 
The dark chamber is attached to the base 
of the Y-tube, while a suction apparatus 
(E, E,, E;, E,) to draw the odors 
through the forks is attached at the 
point where the base and forks unite. 
The principle involved is to attract the 
insects equally toward the entrances of 
the forks by the light stimulus, but when 
they are ready to enter these forks they 
are influenced unequally by the odors 
drawn through the forks, one fork serv- 
ing as an attractive or repellent side and 


the other fork as the control side. The 
whole apparatus is so constructed and 
manipulated that the interfering facto 

are practically controlled, leaving only 
the olfactory responses to be recorded. 

When testing the emanations of 
plants, the apparatus with the plant 
chamber (C) attached was assembled as 
shown in Figure 13, and the odorous 
air from the plant on the left and the 
non-odorous air from the control side 
on the right were drawn through t! 
apparatus as indicated by the arrows 
Emanations drawn through the appara- 
tus from living potato plants could not 
be detected by the writer, but in every 
one of the 24 experiments conducted, 
each consisting of four individual tests, 
the beetles gave attractive responses, t! 
highest individual test giving 81.2 per 
cent. (Fig. 14, A) and the highest aver- 
age for four individual tests being 76.7 
per cent. 

Since potato beetles, when potato 
plants are scarce or entirely wanting, 
feed on the horsenettle, jimsonwood, 
tomato, henbane, and a few other related 
plants, all belonging to the potato fam- 
ily, the preceding experiments were re- 
peated with some of these plants. The 
results obtained (Fig. 14, B) indicated 
that the beetles liked the emanations 
from these plants very little in com- 
parison to those from potato plants, 
although in or near potato patches it is 
eommon to see these insects on one of 
them, the horsenettle. 

When testing the water extracts and 
steam distillates of these host plants, the 
apparatus was used with the plant 
chamber disconnected, the extract or 
distillate being put in one bottle (Fig 
13, B) and distilled water in the contro! 
bottle (B,). It was thus shown by a 
long series of experiments that potato 
beetles can be induced to respond to 
their food odors by subjecting them to 
the odors from these extracts (Fig. 14, 
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¢ and D) and distillates. These results 
and those pertaining to the emanations 
give indisputable proof for the first time 
that plants (not flowers) attract insects 
by emitting odors. 

After aerating the steam distillates of 
potato foliage (Fig. 14, E), potato tub- 
ers. horsenettle, henbane, and tomato 
ylants for some time, odors from all of 
these distillates became attractive to 
potato beetles, and the writer could de- 
tect a common odor among them. This 
odor closely resembled that from boiling 
potatoes or from the juice of freshly cut 
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potatoes, and might be called a potato 
odor. Since all these 


the potato family, it would be interest 


plants belong to 
ing to know whether they possess a par- 
ticular constituent or constituents emit 
ting a common odor, as indicated by the 
the beetles and by the 
If so, it is suggested that 
that 


responses of 


W riter’s nose. 


the chemist tell us what it is, so 


we may use it in poisoned baits or in 
traps, thereby perhaps reducing the cost 
of controlling potato beetles, which must 
now be done by dusting and spraying 


the potato plants. 








THE CHAINS OF PROMETHEUS 


By Dr. BENJAMIN C. GRUENBERG 


AMERICAN ASSOCIATION FOR MEDICAL PROGRESS 


WHILE every increase of knowledge 
means an increase of power, it means 
also an increase of sorrow. This is not 
to say that ignorance is bliss, or that 
wisdom is folly. It is only to recognize 
that knowledge does inhibit action, does 


dampen enthusiasm, does increase the 


burden of care. It is not necessary to 
defend knowledge, or its modern equiva- 
lent, science. But it is necessary for us 
to understand something of its nature 
and its limitations, of its dangers and 
its implications, as well as some of its 
concrete products and applications. 


PROMETHEUvS, REVOLUTIONIST 

When Prometheus stole the flame from 
heaven he not only embarrassed the 
gods. He conferred upon man the most 
precious of gifts and set the pattern for 
all subsequent revolutions. This pattern 
consists essentially of violating estab- 
lished custom by means of a radical in- 
novation that disturbs the complacency 
and self-esteem of the population and 
arouses the resentment of the authori- 
ties. In the course of time the novelty 
of any novelty wears off; and then the 
revolutionary device is no longer a nov- 
elty but part of the accepted order of 
nature, an integral unit in the eternal 
verities, in fact. 

Consider fire. At one time this was 
an innovation, and a violation of the 
normal and divine order of the universe. 
For thousands of years, then, to play 
with fire meant not merely to incur the 
known risks of a partially controlled 
force, like hunting wild beasts at the risk 
of getting killed. It meant much more 
than that, and something quite different. 
It meant to trifle with magic, to pry into 
holy mysteries, to challenge the gods; it 


meant to tempt providence, to defy 
heaven itself. Nevertheless, the merits 
of fire gradually insinuated themselves 
into the consciousness of man. Throug!} 
out the ages countless eulogies have been 
pronounced in praise of fire, its virtues 
have been widely extolled, and it » 
earnestly defended against its enemi 
NOVELTY STALES 

To-day, this strange force has bec 
assimilated into our daily lives. It must 
now be a long time since any one } 
rushed to its defense or composed a pox 
in its vindication, or since, on the other 
hand, any one has seriously attempted 1 
discredit fire as a treacherous friend, 
an ever-present source of danger, 
its use as contrary to the obvious pu 
poses of nature and all the gods 
no longer fear that a wide distri! 
tion of strike-anywhere matches w 
increase the temptation to commit arso1 
Although the destruction due to fir 
amounts to hundreds of lives and n 
lions of dollars in property every year, 
even children to-day accept fire as part 
of nature and of the orderly routine of 
life. We do still retain a few ceremor 
ials that point to the primitive attitudes 
but most of us do not take them very 
seriously even as ritual. What was onc 
a solemn business calculated to keep us 
in communication with the gods through 
our high priests has degenerated int 
child’s play or empty pageantry. W: 
have become so thoroughly habituated 
and indifferent to the presence of fire 
that friends and foes alike have all but 
forgotten Prometheus. 


Whrat Prick KNOWLEDGE 


The fire of Prometheus comes then to 
be considered a matter of course, and a 
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valuable gift from on high. If now we 
xecept the benefits of this wonderful 
process Of oxidation, we must recognize 
also that, like every other advantage, this 
sift has carried with it serious dangers, 
whether we consider the material benefits 
f fire in the concrete, or the spiritual 
benefits that are symbolized by the torch. 
It is true that we do not have to burn 
ur houses in order to roast our pigs, 
but we can not roast our pigs without 
losing many houses, and an occasional 
human life, in the process of acquiring 
skill and safety in the use of fire. 

There are two points here for our con- 
deration. On the one hand there are 
the unquestionable risks and dangers in- 
herent in every form of force. The 
ancients had no practicable steam en- 
gines, but neither had they boiler explo- 
You discover that mushrooms are 
good to eat, and that is clear gain. 
You diseover only later that there 
are mushrooms and mushrooms; then 
there is wailing and sackcloth. 


sions. 


That is 
to say, there is the danger of knowing, 
but knowing too little. On the other 
hand, there are the capacities for under- 
standing and control and utilization in- 
herent in the spirit of man. We can 
learn to distinguish one mushroom from 
another, we can learn to use steam with- 
out boiler explosions, we can learn to 
use horse serum without anaphylaxis. 
That is to say, there is the hope of clear 
vision and deeper insight. Whether in 
any given case mastery or disaster will 
be realized, or how much of each, con- 
stitutes the whole issue between fear and 
superstition and inertia and reaction on 
the one side, and science, vision, enter- 
prise and progress on the other. And all 
this applies to many later gifts no less 
than to fire. 


INNOVATIONS MUST DESTROY 
Every new instrument whereby man 
has inereased his control of natural 
forces has carried with it the possibility 
of destroying both human life and the 
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things we value The revolutionary 
thought or device often does violence to 
the 
our material 
tempted 
science by saying that the spiritual 


things of the Spirit as well as to 


may be 


POsst ssl ns We 


to disparage the hostility to 


sures which new ideas threaten are 


merely prejudices, merely superstitions; 


they are nevertheless precious to their 
. 


owners, and essentially of the same stut 
as the analogous beliefs and thecries of 
our more enlightened colleagues. We 
may be tempted to sneer at the bungling 


obsolete instruments of 


crafts 


and he 
those inventions 


whom new 
but the old crafts and the old tools are 
whom 


displace 


of vital significance to those for 
they have meant a way of living as well 
as a means of livelihood. Every innova 
tion must meet the resistance and active 
opposition of a certain portion of the 
population. 

THE COMFORT OF THE CUSTOMARY 

To all people the familiar way of life 
the customary, appears as the natural 
certain, 
In other 


It is natural, many people ari 
for traffic to pass to the right 
countries, where the general level of in 


telligence is presumably as high as it is 
appears to be natural 
An atte mpt to ob 
for reasons which 


those 


in this country, 

to turn to the left 
tain uniform practice, 
seem to be good and sufficient to 
who have studied the problem, is sure 
to be met with Now it is 
strictly in accord with human nature to 


resistance 


acquire habits, as we may call them for 
short ; but it is also in accord with human 
nature to resist every pressure to change 
habits. If it be proposed to have all turn 
to the right, the English and Austrians 
and Italians reasons 
why they should not change 
tice goes back to times when the memory 


will present rood 


their prac 


of man knows not to the contrary. If 
it be proposed that we all turn to the 
left, the Americans and Germans and 
French will offer equally good arguments 
why they should not yield; certainly 
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they could not readily see why the ob- 
viously desirable uniformity should be 
obtained at their expense. All of us, 
however, will admit that it would be 
highly desirable for other people to 
adopt our customs. 


COMMON SENSE 

The customary and familiar are not 
only natural, but they accord with com- 
mon sense. If we find peoples with dif- 
ferent customs, it is evidence that they 
are queer. Yet, if they eat the hearts 
of their enemies with the absurd idea of 
thereby gaining courage, we eat celery, 
or drink celery compounds, to strengthen 
our nerves, or go to fish for brain food. 
If strange people curiously slaughter 
their animals with rituals and magic 
words, some of us are strict vegetarians 
for equally solemn reasons, or plant our 
acres according to the phases of the 
moon. With certain peculiar sects, re- 
spect is indicated by covering the hair; 
yet we consider it common sense for the 
male of the species to manifest respect 
for persons, monuments, churches or 
symbols by removing the head-gear. In 
any case, however, it seems to be common 
sense to do as we have always done. 

For millions of people who have been 
brought up on chlorinated water, the 
treatment of water with chlorine for the 
purpose of destroying bacterial life is a 
matter of course, common sense. Of 
these same people, however, a consider- 
able proportion will revolt at the sug- 
gestion of treating their water supply 
with iodin. They don’t want their water 
*‘doped.’’ The editor of a Seattle paper 
writes eloquently, ‘‘If some people want 
that stuff in their water, let ’em have it; 
but don’t force it on the rest of us.’’ 
In Minneapolis and in other cities, com- 
mittees of cultured ladies and gentlemen 
protested that they wanted their water 
and their table salt just as nature in- 
tended it to be. There may be involved 
here a bit of the notoriously dangerous 
little knowledge: ‘‘that stuff’’ means to 


some people a dark purple or brownish 
substance, with a not very pleasant odor 
whereas the ‘‘iodin’’ which the doctors 
propose to put into the water supply 


iodid that not one person in a hundred 
would distinguish from common salt, and 
that no person at all could discover 
through the senses after it was placed in 
the water. There may be good reasons 
for treating a community’s water supply 
with iodin, and there may be good rea- 
sons against the proposal; but these 
reasons do not lie in common sense, they 
lie in a variety of technical considera- 
tions for which one needs special infor- 
mation, and perhaps special training 
also. At any rate, the basis for opposi- 
tion in most cases is to be found in the 
violation of custom and prejudice. 


IN PRAISE OF INERTIA 


Any demand for a change in customs 
or usage is resisted by us not on the 
ground that we do not like to chang 
our habits, but on the ground that th 
new proposals are in violation of com 
mon sense. That is to say, we are inert 
because we are inert, and we rationalize 
our inertia because our intellectual van- 
ity requires justification of our conduct 
in terms of reason or sense. In many 
eases, also, the demands and proposals 
of innovators are offensive because the) 
presuppose knowledge which is not 
shared by all, that is, knowledge which 
is not common; and we can not help re- 
senting the insolence of those who set 
themselves up as superior. 


NATURAL RIGHTS 


Closely related to the rationalization 
of our accustomed behavior and values 
as being natural and in accerd with 
common sense is the sensitiveness of the 
personality to any invasion from with- 
out. We insist upon our natural rights; 
we are all strong for personal liberty 
Without searching too closely into the 
nature and sources of these rights, and 
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without determining critically the sanc- 
tions of personal liberty, we are satisfied 
that our rights do somehow coincide 
with what is natural and proper. But 
personal liberty turns out very often to 
mean no more than our insistence upon 
our right to continue to do as we have 
always done. The dairyman who has 
established a life’s routine in terms of 
producing and distributing milk in a 
certain way will resent as an invasion 
of his personal liberty and his natural 
rights the attempt of a health board to 
regulate the conditions under which he 
may continue his business efforts. The 
fact that his business is affected will com- 
plicate matters because he has the natu- 
ral right to make a living, and as much 
more as he can, by the method which he 
has always followed, and which has 
always been tolerated as _ legitimate. 
Whatever reasons may be given by the 
health authorities for tuberculin testing, 


for pasteurization, for sterilization of 


equipment, for minimum fat-content, 
may mean something worthy to the 
health officer, or even to the ultimate con- 
sumer: to the dairyman these things all 
mean irritating interference with the 
natural and common-sense procedure 
that has been recognized as legitimate, 
even praiseworthy, from time immemo- 
rial, and infringements upon his personal 
liberty. 


AND PERSONAL LIBERTY 


Most of us become so thoroughly in- 
doctrinated with reliance upon the fa- 
miliar as absolute that we seem to be 
constitutionally incapable of entertain- 
ing new ways of thinking, or of tolerat- 
ing strange ways of interpreting the 
facts of life. Under the circumstances 
we must always resist new ideas and we 
must resist also the methods by which 
new truths are dug out of the old earth. 
For those of us who can not understand 
the new concepts, who can not adapt our- 
selves to the demands of the new gods, 
opposition is natural enough. In a large 
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proportion of cases the opposition is one 
of fear. After all, there is always danger 
in the unknown; and in the presence of 
danger caution is wisdom. After all, re- 
gardless of its merits and possible uses, 
fire does destroy houses and even human 
More and more, however, hostility 
to the 


lives. 
to the advancement of science am 
applications of science appeals not so 
much to fear as to the universal desire 
for freedom. And this, as I have tried 
to intimate, is in effect the right to do 
what one is accustomed to do, whether 
it is getting drunk or expectorating 
promiscuously. 

A writer in Massachusetts reporting 
on the achievements and failures of the 
last legislature says among other things: 
**It is still the inalienable right of all 
typhoid carriers to infect others if they 
happen to prefer food handling to other 
methods of livelihood.’’ There is reason 
to believe that this was writ sarcastic, 
and sarcasm always suggests the supe- 
riority complex. Yet in the minds of 
those who are threatened with the type 
of legislation discussed this is a serious 
matter that affects the very foundations 
of happy living—for the individual. 
Opposition to such legislation can be 
justified in terms of common sense—that 
is, the traditional and prevailing as- 
sumptions. We must be permitted to do 
as we have always done unless reasons 
to the contrary are overwhelming. But 
reasons to the contrary never are over- 
whelming—unless we know all that is 
involved, unless, that is, we come into 
possession of the new knowledge. 

KNOWLEDGE A HINDRANCI 

In the absence of knowledge impulses 
find free play without inhibition. It is 
this that constitutes the happiness of the 
infant; it is this that makes the idiot 
cheerful. It is the inhibitions of painful 
experiences, the inhibitions of conflict- 
ing impulses, that make knowledge and 
thought possible. And with every new 
addition to our knowledge and thought 
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there appear new inhibitions, new ob- 
stacles to doing what we feel like doing. 
We may be throwing what we no longer 
need wherever we find it convenient to 
do so; the discovery that our neighbors 
can make their objections effective, or 
the discovery that refuse may become a 
source of injury or disease, must give us 
pause. 

Science comes to be wicked because it 
threatens our liberties. To the degree 
that scientists are permitted to influence 
our customs and our laws, to that degree 
are we beset with regulations and re- 
strictions and interferences with our 
natural—that is to say, our habitual— 
modes of life, with our happiness. It is 
for these reasons that science has become 
anathema, for those who do not under- 
stand its methods and its aims. 


RESIGNATION TO NECESSITY 

Most of us have learned to accept 
certain revolutionary innovations with- 
out violent protest. We agree to build 
our houses according to the building 
code. We agree to have our wiring done 
by licensed electricians. We have even 
moved away from our farms before the 
ploughing was finished because we were 
assured that flooding our land was neces- 
sary to save a city fifty miles away. It 
has become feasible, in most parts of the 
country, to get the public to cooperate 
in preventing the pollution of streams 
and bathing beaches. Several millions of 
our population have voluntarily assumed 
the restraints upon personal freedom 
implied in a knowledge of the hook- 
worm’s life-history. We are by no 
means unanimous regarding either the 
reliable knowledge or the standard prac- 
tice in the matter of aleoholie beverages : 
there are in the situation elements of 
religious tradition and political dogma 
as well as of personal indulgence and 
puritanical bigotry. On the whole, how- 
ever, civilized people the world over are 
accepting the restrictions that are im- 
plied in the mechanisms of the so-called 
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scientific age with more and more resig 
nation. They are voluntarily renoyn 

ing certain liberties in return for certaj; 
concrete benefits that the electricity a 

machinery offer them. 


IN PRAISE OF IGNORANCE 

In making application of the younge; 
sciences, those that have emerged fy 
a study of organic processes, the pul 
is not so well prepared to renoune 
to cooperate. People who pay rent ¢a) 
see why the building of tenements 
the installation of plumbing should 
regulated by law; but they can not 
see why established industries should } 
regulated by law as to hours of wot 
as to output of smoke and noise, or as 1 
sex discrimination. Pedestrians ear 
why the state should restrict car driving 
or the erection of bridges to those w 
can demonstrate some degree 
and proficiency in these arts; but t] 
ean not all see why the practice of 
healing arts should be thus restrict 
Healing is for too large a part of 
population still akin to the miracles ar 
magic of religious practice. ‘Mani tact 
believe in divine healing,’’ says a widely tnos 
known preacher, ‘‘and therefore are cor 
scientiously opposed to any man-mad 
remedies in any form. Under our esta! 
lished principle of religious freed 
such citizens ought to be left free to f 
low their own conscience in such vit: 
matters as vaccination.’’ Those w 
drive cars can see why jay-walking 
should be prohibited but they can not al 
see the sense of the many personal and 
impertinent questions that the marriag: 
clerk is likely to ask if they cross th 
state line. 
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KNOWLEDGE AND OPINION 


In every case we are ready to submit 
to the prohibitions and compulsions of 
the mechanisms which we understand or 
control ; in every case we are disposed to 
revolt against the constraints and checks 
of the instrument that we do not control 
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r understand. The elaborate precau- 
tions taken to assure aseptic conditions 
in an operating room involve expense 
and delay, but they are burdens cheer- 
fully accepted by those who know upon 
what they rest; to others they may be 
empty rituals. The silver nitrate which 
sin many states used in the compulsory 
medieation of the new-born is another 
such interference with personal liberty 
and private opinion, it is another burden 
if expense ; but it is accepted as a matter 
f common sense, or resented as a viola- 
tion of natural rights, according to the 
kind and degree of enlightenment one 
has in such matters. 


ABUSE OF KNOWLEDGE 

Attempts of legislatures, and of others 
placed in authority, to impose restriec- 
tions of various kinds are likely enough 
in many cases to be arbitrary and to lead 
to abuse of power. It is possible to 
rationalize arbitrary acts and those that 
io indeed constitute abuses just as it is 
possible to rationalize our fears of the 
new and our dislike of authority. The 
fact that knowledge is power places 
those who know at an advantage; and 
naturally those of us who do not know 
become suspicious and resentful. It can 
not be claimed that either professional 
sientists, or those in a position to make 
use of scientific discoveries, have always 
considered primarily the welfare of their 
fellow citizens. It is possible to misuse 
science, just as it is possible to misuse 
any foree; but that not make 
science wicked, or its use a violation of 
nature’s purpose. 


does 


KNOWLEDGE BRINGS FREEDOM 

Those of us who are engaged in edu- 
eation, and particularly in the teaching 
of science, are in danger of becoming 
rather complacent. We are apt to rely 
too easily upon the widely accepted doc- 
trine that knowledge is power, and ipso 
facto of benefit to mankind. We take 
for granted the adage that truth will 
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make us free. 
challenged and very seldom do we ask 
ourselves just how it is that truth brings 
kind of liberty it is 


This assumption is seldom 


freedom, or what 
that truth insures. Neither the 
of truth, or of its modern substitute, 
nor the obscurantists and in- 


votaries 


**seience,’’ 
tuitionists are entirely 
tirely right. Man’s ability 
nate among phenomena that are super- 
ficially alike, his ability to doubt and to 
question, his ability to look two or three 
or a million sure, his 
ability to experiment, all those 
about man that differentiat« 
other anthropoids and from all other liv- 
ing things, have made possible an accu 
mulation of reliable facts, and an 
elaboration of workable theories, which 
compel a form of living that is a 

but ‘‘natural.’’ The 
productivity of eco- 


wrong or en- 
to diserimi- 


times to make 
things 


him from 


increase 
edge has increased 
nomie effort and so has increased leisure. 
It has lengthened life, and so has made 
available increased leisure during those 
age periods in which men and women are 
most concerned with the value of time 
and most skilled in the use of time. It 
has made possible a rate of transporta 
tion and of communication which is be 
yond any but the wildest 
earlier times. In these and related ways 
science has increased our freedom by 
time and 
heart’s 


fantasies of 


viving us more more 


for 


power, 
more fulfilling the 


desi re. 


SC ype 


ANp New RESTRICTIONS 
With each man’s 
ment there have come, 
of restrictions which to the uninitiated 


addition to equlp- 


however, a host 


seem arbitrary and disproportionate to 


the alleged benefits. Thousands of 
people in all parts of the country will 
clamor on the slightest provocation for 
raw milk, when recommends 
pasteurization; but neither the producer 
of milk nor the consumer is any longer 
free to follow tradition or common sense. 
‘‘Do Not Spit’’ is still an injunction 


science 
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that for many people involves merely a 
matter of taste, about which we are ad- 
vised not to argue. 

Improved and cheapened means of 
transportation, with increased leisure, 
tempt us to travel abroad; science, that 
is, would free us from certain types of 
provincialism. We find, however, that 
in addition to the political restraints of 
passports and visas, which are the very 
embodiment of ignorance and supersi- 
tion, we have to submit also to quaran- 
tine restrictions and vaccination require- 
ments, and even to the discomforts, not 
to say humiliation, of medical examina- 
tions—which are supposed to be the very 
embodiments of light and learning. 

The more we learn about the obscure 
forees and microscopic organisms and 
invisible processes, the less freedom have 
we to do as our impulses direct or as our 
traditions demand. From the disposal 
of bodily or domestic refuse to the manu- 
facture and sale of various commodities, 
more and more of our activities come to 
be regulated and restricted by considera- 
tions entirely foreign to the common 
sense of our fathers and to our conve- 
nience and aspirations. When Pro- 
metheus was finally unbound it is certain 
that his chains were bequeathed to those 
who would use the stolen fires. Ap- 
parently we can not have one without 
the other. 


EDUCATIONAL NEED 

Scientific knowledge has accumulated 
faster than the general population can 
assimilate it. Moreover, new knowledge 
is always the discovery of specialists, so 
that at every point all but a very few 
must remain in outer darkness. We must 
take a large part of the liberating truth 
on faith. It is not enough, however, to 
tell the world that iodin is of value in 
certain cases as a preventive of simple 
goiter ; the world ought to know how that 
was found out. It is not enough to teach 


that toxin-antitoxin does do whatever 

is supposed to do: those who, for am 
reason, oppose its use can speak eve! 
louder. It is necessary to take the pub- 
lie into our confidence and to tell it how 
we have come to know. And increas 
ingly, the diffusion of new knowledge de. 
volves upon agencies outside the schools 

From the point of view of acquainting 
every new generation with the acco 
plishments of the past, both as additio, 
to knowledge and as improved skill 
the further conquest of the universe, 
would seem insufficient to emphasix 
merely the concrete achievements t] 
science has made possible and that ever 
simple mind can value to a degree. It 
would seem important further to carn 
into our teaching an appreciation of t! 
eost of science. And this cost must bh 
made clear not merely in terms of th: 
devotion—and frequently the sacrific« 
of those who dedicate themselves to r 
search, but also in terms of the inevitable 
restraints that every new technique 
imposes. 

Masses in the future will have to learn 
what only a few have learned in the past, 
namely, that the attainment of truth is 
a continuous process and never an ac- 
complished fact; that with every gain 
there comes a new set of inhibitions. It 
is no paradox to say that the liberations 
made possible by the truths which we 
know as science are made possible by self- 
imposed prohibitions and compulsions 
The most difficult conditions which ad- 
vancing science imposes upon us is that 
of starting each day prepared to scrap 
some of the cherished beliefs of the past 
Advancement of science means not only 
deriving new power and new freedom out 
of new insight; it means also the ac- 
ceptance of new disciplines, and new ob- 
ligations, new restraints upon our im- 
pulses and prejudgments. 

We can not have the torch without the 
chains. 
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THE HUMANIZING INFLUENCE OF 
PESTILENCE'’ 


By T. WINGATE TODD, F.R.C.S. Eng. 


PROFESSOR OF ANATOMY 
WESTERN 


‘“ToOWARDS evening when, according to 
Jewish belief, the gates of Heaven are 
shut, and no prayer can then obtain ad- 
mittanee, I heard a voice, with a ripple 
f tears that were never wept by human 
eyes. It was the death rattle of a soul 
sinking down dead tired at Heaven’s 
gates.’ Few passages can equal and 
none excel these words of Heine to de- 
pict the desolation of the human heart of 
which plague has ever been the supreme 
affliction. 

‘‘And Moses said unto Aaron take a 
eensor and go quickly unto the congre- 
gation and make an atonement for them: 
the plague is begun. And Aaron took as 
Moses commanded, and ran, and stood 
between the dead and the living.’’ So 
there hangs on my tongue’s end the 
greatest romance of medicine in the com- 
bat and overthrow of pestilence. The 
most human document relating thereto 
was written in 1485 by Bishop Bengst 
Knutsson, of Viasteras in Sweden, a 
versatile man, physician to boot, trained 
at Montpellier. It is the first book 
printed in London with a title page, for 
printing a very new method of 
reaching the people in those days. The 
first press had been set up in England 
less than a decade when our good bishop 
brought out his work. And his opening 
salutation in its vigor and benevolence 
sounds like the fanfare of the heralds of 


was 


1 The author has made every effort to secure 
accuracy of essential fact and faithfulness of 
interpretation in this study, but he has not hesi- 
tated to draw freely upon writings such as 
those of William Morris, Filson Young, Hilaire 
Belloe and Charles Brooks to give the atmos- 
phere and flavor of the times. 


AND DIRECTOR OF THE 
RESERVE UNIVERSITY 


HAMANN MUSEUM, 


tidings. ‘‘At the and 
worship of the blessed Trinity and of the 
glorious virgin Saint Mary and the con 
servation of the common weal of all 
christian people, as well for them that 
are whole as for remedy of them that ar 
sick.’’ I should like to have met this 
physician of Montpellier, 


vood reverence 


who in his 


struggling days wandered from house to 


house, as he himself tells us, 
like those poor patients of his who could 
not escape, with loving kindness in his 
heart, the inspiring confidence of courage 


penniless 


in his voice and a sprig of sweet smell- 
ing herbs in his hand. He was indeed 
the type of physician who plucks the 
jewel from the head of adversity and ex- 
tracts his staunchest hope from the 
tragedy of disease. 

They were great days these, the later 
Middle Ages. It was already three hun- 
dred years since Christendom awoke out 
of its lethargy. The stonework of 
Western Europe which rose fresh and 
white after the stimulus of the Crusades, 
with its pointed Gothie arches, was now 
weathered and old. The University of 
Paris and the Schools of Oxford dated 
back almost as far. Saint Bartholomew’s 
hospital was three centuries old already. 
It was a hundred years since the Peas- 
ant’s Rebellion in England had changed 
the face of society and the suppression 
of the Jacquerie in France had planted 
the seeds which burst into life much later 
in the French Revolution. It 
period of ease and the zenith of philoso- 
phy. Mantegna was engraving on cop- 
per. Donatello reproducing in 
bronze ‘‘the anatomy of the miser’s 
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heart.’’ Leonardo was inscribing in 
pictorial form the new anatomy. In 
Ruskin’s terms these men were polluting 
their art with the science of the sepul- 
chre. The men of that day looked upon 
themselves with very much the same 
satisfaction that we look upon ourselves 
in this enlightened age. Wonders were 
developing with dazzling rapidity, and 
though many held the crack-brained 
Columbus to be a fool it was but a few 
years before the vision of the New World 
burst upon their astonished’ gaze. 
‘“‘What does the fellow say,’’ wrote 
Luca Sarto, ‘‘but that the world’s a 
globe—that it is shaped like a huge tart 
and is plattered in space. But also 
this tart is always spinning, and what 
lies eastward on the platter whirligigs 
to west. It is blasphemous coggery. 
This Christopher Stand-on-His-Head 
ruffles me.’’ 

There is nothing which illustrates bet- 
ter the pinnacle of confidence which was 
attained by philosophy in the Middle 
Ages than this fact that a poor man, in 
a strange land, without knowledge of the 
classies or the Fathers, having no other 
argument than his own fixed belief and 
some vague tales about bits of wood and 
shipwrecked mariners, should be able 
ultimately to secure the influence and 
funds for taking a flotilla right out into 
the Sea of Darkness and down that ecurv- 
ing watery slope up which none ever 
climbed before. 

Yet at the heart of all this prosperity 
and splendor and activity in thought and 
art there was a canker, the canker of 
pestilence. A century and a half earlier, 
creeping insidiously along the Mediter- 
ranean shore, the basilisk had wormed its 

yay into Europe, blasting everything in 
its path with its poisonous putrid breath. 

Upon a morning in 1348 Boceaccio in 
Florence, looking from his window, saw 
two hogs rooting among the rags of a 
poor man just dead, and shaking them 
about in their mouths, ‘‘when they both 
turned round and died on the spot.’’ 


The sickening rats rushed from +} 
holes and crevices in troops and ‘‘ issuing 
on to the floors sprang continually y; 
wards from their hind legs as if the 
were trying to jump out of something’ 
Penitent and confessor were born: 
gether to the same grave and the fun 
earth, chapped and ghastly, bulged , 
her new buried corpses. 

Petrarch, like his friend Boceaccio. ay 
eye-witness of the Black Death in Ital 
foresaw the inability of future genera. 
tions to imagine the empty houses, al 
doned towns, fields crowded with dead. 
the solitude of the world. ‘‘Is it possil 
that posterity can believe these things, 
he writes, ‘‘when we who have seen them 
ean searcely believe them.’’ 

The black death arrived at the critica] 
moment when English social eustoms 
were maintaining with difficulty th 
traditional form. The problem of vil- 
leinage was ocecupying the public mind 
There was no land hunger in those da 
The towns had not yet begun to be t 
dominant factor in civilization. Th 
worker was land bound and sought to ! 
free. So when after 1348 his numbers 
were reduced by half, in spite of th 
Statute of Laborers, wages were perma- 
nently raised and freedom of migratior 
was secured for the hinds of the manor 
As the land owners died and estates fell 
in, the new yeoman and farmer class 
afterwards so powerful in the fifteent 
century, grew in strength by the accumu 
lation of recruits from below. The busi- 
ness of the courts greatly increased and 
pettifogging lawyers, hated by the peas 
antry, swarmed over the land, ‘‘men w 
had no souls but only parchment de 
and libels of the same.’’ The impetus 
given to the workers developed the trad 
guilds of the towns. And so the entir 
structure of society was convulsed. Set- 


tlement awaited the Peasants’ Revolt of 


1381, but though this was suppressed, the 
humanizing elements which leapt out 0! 
the pestilence could not be defeated and 
the modern social order struggled at last 
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er name.’”’ ** John Ball gvreeteth assume 
um well all and doth you to understand does Di 
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But, intermittently, from that yea h 
mward the Black Death seourged al their life 
for three hundred years and the worse horror whie 
jlamity marched step by step with Even the ineorrig 
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The theory or contagion gradually cit nes to recount how 
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Mead’s were bit 


terly assailed and the next year nullified 
But of all the hard 


apothecaries reforms 


by act of Parliament. 
Mead 


in scorn the invective of 


things said of none surpasses 1) 


Noah 
Webster. the lexicographer, who set to 


the 


vigor or 


work with a mind enlightened by 


sources ot words to seek the origin ot 


pestilence. An ill-humored fellow, this 


Noah, who must have suffered from som: 


kind of duodenal irritation. ‘*‘Sound 


potatoes from the market,’’ he writes, 


‘‘perished in my cellar in thirty-six 
} goes on to 


oh" 
r 
This fe 


from 
“In the 


hours : sO 


larger issues. United States 
everything that has been done hitherto 
in the construction of cities, is in imita 
tion of the old Kuropean mode, and of 
such SW et ping 


wrong.’ To 
bad 


Nevertheless even to Noah pe stilence was 


course IS 


generalizations may a potato lead. 


a blessing in disguise, for it ‘‘humbles 


the pride and arrogance of man, by 


ereating in his mind a perpetual d 
pendence on divine power; in short it 
creates and preserves that sense of obhi 


gation and aceountability to God which 
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IS the rerm ol piety 
cellenes 

but all journeys end in 
intereeding 


and the angelus 


closes 
Lue 
‘‘wards off the plague better 


ki ling ot a hundred Jews.’ 


vation 


**Sweet 


from pestilence 


scent,’ writes 


So | would hark back to n 


counselling the rien to le; 
breathing comfort and hope 
who, bound by elreumstances 


escape from the overcrowded 


be merry in the heart 1 Sa\ 


great remedy for health of 


Theretore in 


time of this n 


ware ve dread not death, but 
and hope to live long.”’ ()] 
ments on the pestil nee this 

moving and the most human 
physician as counsellor and 

father-contfessor who can sec 
like John Ball, the hedar 


1381, that ‘‘he 


veil, 


in day S 


} 
ship shall not fail, bu 
shall 


men 


he and his work vet be 


shall be holpen by them 


again and yet again 





who doeth well i 


BOTANICAL EXPLORATIONS IN THE ROCKY 
MOUNTAINS—SELWAY RIVER 


By Professor J. E. KIRKWOOD 


} ‘ ~ OF 


Bitter Root Mountains extend 
ot the 


iver, a 


Lolo Pass south to the hea 
st Fork of the Bitter Root | 
ce of about seventy miles. They 


> 
\ 


el the eourse of the river, which 
north, joining the Clark’s Fork ot 
Columbia near the city of Missoula, 
ntana. The erest of the Bitter Roots 
s part of the boundary between 
tana and Idaho. On some of the 
maps the Bitter Root Range is summit 
as extending from the Clark’s small volume 
River to Yellowstone Park. but west converge 
dgren’s report on the geology ol these ‘S, Loe 
muntains, published in 1904, defines the 
ve as above given on the basis of its 
gical structure. 
e Bitter Roots are a rugged and the concept 


turesque range, especially toward the as a potent 


ithern end, where a lofty and serrated movement o 
| tion 


ne of sharp peaks and eastellate 
rises as a forbidding barrier two objects 
yper Peak, southwest of Darby, is and second, 
ohest point, reaching 10.175 feet. the vegetation 
other summits of 9,000 or more’ the humid area 
i the whole length of the range. ington are plent 
Passes are found here and there at ele favorable localities on 
tions of 6,000 or over, and Lolo Pass’ of the northern Rockies 
s notably low at 5.400. The eastern t to know what 
of the range is stec p, cut by dee » he flora of 
numerous gorges, and rises from the This program 
ter Root River at an elevation ot he itter Root 
3,300 to 3.600 feet to the summit of an extensive 
ty miles more or less to the west, except to a ew 
e the other slope deseends by more sional hunters and 
ual degrees to the Clearwater coun employees of 
with an average elevation of between The effort to 
} and 6.000 feet. two seasons and took 
e Bitter Root Mountains lie athwart some three hundred m 
revailing winds of the region which Saddle and pack-horses 
915 





516 


section tat 


means of transportation in a 


removed from even the roughest wagon 
roads. The Bitter Root Mountains 
proper lie along the eastern border of 
this wilderness and shut it off from thi 


western Mon 
from the Bitter Root 
To one hundred miles 


olde I’ 


tana. 


settled regions of 


l'o tine 


summits it is close 


west 


to Kooskia on the Clearwater, the near 


est important settlement on the Idaho 
side. The area, however, to which atten 
tion was directed in this brief survey 


amounts roughly to between 3,500 and 


4,000 square miles, including the Bitter 
Root Mountains and the country thirty 
miles or more to the west and northwest 
The results of this study will appear in 
a later This aceount will 


re port. pre 


the 


sent some of gveneral aspects of the 
country and ineidents of the trips. 

We outfitted at Hamilton, Montana, 
and seeured the services of Ned Hobbs, 
of that Mr. A. N. 
Hobbs, father of the packer, volunteered 


Mr. Dan Nyffler, an old friend 


place, as packer. 


as cook 


th 7 © 
= 
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of Ned Hobbs and his 


also accompanied the outfit 


rueST 


efficiently in the packing lt 
the personnel of the party co 
Mr. J. W. Severy, instructor 
at the State University ot Mo 
writer and his son, Edward 
On the 


1925, we 


morning of the 
left Lam 


turned our faeces toward the Bit 


August, 


Mountains, which seem to ris 
from the outskirts of the town 3 


like a 


perpendicular walls of granit 


Canyon opens vast ] 


to the secrets ot Aa he yond, to us 


unknown. In spite of th 


ana 





magnificence mystery, ou 


were high and thrilled with eag 
est at the prospect before us to? 
No hint of 


eanece reached us or any forecast ( 


three weeks. siniste} 

ill-starred expedition ir's 
Views of fences and 

left behind as the trail began to 


farms we 


its way along the bottom of t 


Koeskooska a _< Seas ; na 
hooak 





it A 4 
/ 7 
\ | Fridays iss 2,5 j \ 
. A A p 4 = 
| : A _- — ~£ 
y J _ - Ve F = 
4 \ Elk Summit —— Ly = 2 SSI 
a ’ aa s on = 
| be Fe : p Wedge 3 
- . % ) [ Blodget Pas? Hi a. s 
\ ~~ r NS = Weal St = s S 
me ’ J y ~ Ne Blodgett Canyon 
* et P | o N\ se oe) Humic es 
- ~ ae, 9 
4% { } we ie a { 
{ j Ss . 
v 
. .* ba ~ 
h > — 
Ph oe ( 
Ps <i iy J.5 
ay Re i 
a i ee 
“ S| 
r Oe x \ 
/ ? 
. a a 
L- ~~.) , 
os sy : ;9 
ZIComet 
" Ni a. " : * S 
* C fe 
A. NockC reek = m 
o Camp an 7" 
6 Miles Lat 46° N \ wee at 
THE ROUTE TRAVERSED : 
n 


THE BriTTeR ROOT MOUNTAINS AND PAI 


rs OF 





rHE BiTTeR RoOoT AND SELWAY DRAI 














wt 








BOTANICAL 


EXPLORATIONS 








BITTER 


ROOT MOI 
ith the beetling cliffs, with Blodgett 


roaring down its rock-strewn 
rst The trail rose steadily and we 
out of the 
began to see groups of lodgepole 
and fir 
mann spruce then began To appeal 
Huckleberry (V. 


and snow-brush 


yellow pine belt 


soon 


aspen. Subalpine and 


tI ereek. 


ng the mem 


mace Venziesia 
alder A. 
ita) around springs indicated our 
belt 
lot 


on 
iginea and clumps oO! 
the main timber 
The day 
stopped frequently to re 
ith the elear cold 
ished by at our feet. 


The pack train moved steadily onward 


ssing into or 
tane zone. orew | and 


lresh 


our 


es W water that 


shouts ot 


e tinkling of bells and the 


packers. Proers SS Was slow. for ol 


eneountered before sine 
r several years, the Blodgett Trail is 


tumbled 


trails or 


worst. Granite boulders 
m the cliffs above covered the canyon 
l The their 


ks stumbled and serambled over them 


horses with heavy 
imminent danger of breaking legs or 
off They labore d and 
at and puffed as they advanced under 
patient the 
n the unburdened saddle-horses ant 


illing shoes. 


guidance of packers. 


} 











NTAINS FROM THE WES 

their riders, now at nough te 
do As The canyon narrowes¢ We \ 
ersed tive talus Oo! eliffts r tine enris ¢ 
avalanches thrown col Ist Tri 
bottom of the gore 

The aim had been to gain th vl] 
meadows near Blodgett Pass the rst 
aay But as the tternool drew on 
there wer still severa mies to go 
llorses and men were tired, so can vas 
made wit only twelve miles accom 
plished Le yee! TI tra na tire 
stream on an inviting little flat our first 
camp was pitched. The trail rise! 
2.200 teet hove Ham n but seemed 
farther from the crest f n at the start 
On either side, in ustel ! rugged 
grandeur, towered might walls to 
nearly 35,000 feet hove e cam] 
Around us the somber fit ds ie cast 
deepening shadows, whil e suns de 
elining olow eilded The T\ ‘ S 
The freshness of early summer was here 
in leaf and flower. where neither the hot 
drouth ot the valiev nol e ¢ rly rost 
of autumn had vet r ed them 

In the midst I s contemplation 
sounded the eall to dinner. Out of the 
medley of cans and bags, the magic of 
the elder Hobbs had conjured a feast to 
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¥ 
~ — r 
- a wt 


Ee ann 


\ FOREST OF YELLOW PINE 


COMMON VIEW ON SOUTHERN EXPOSI 


which we now addressed ourselves with 
appetites born of that laborious trail, of 
the scented forest and the exhilaration 
of the evening hour. 

Day awoke in the east and the camp 
was astir ere the sun’s level rays had 
brightened the lofty crests above us. 
Breakfast was on, the horses were com- 
ing in, bedding was rolled and packs 
made up. When our saddle-horses were 
ready three of us took the trail, leaving 
Ned and his father and Dan to pack the 
horses and follow. This was our usual 
procedure, which suited all coneerned. 
It gave us in the lead more leisure to 
make collections, notes and photographs, 
and we were out of the way of the pack- 
ers, whose operations we could not 
materially aid. 

A few miles above camp the trail 
turns abruptly from the ereek toward 


T. < Et o2 





RES IN THI 


the hig 


(PINUS 


Bri 


PONDEROSA 


I 


k Root 


northern 
no mincing m 


There was 


\ 


LOUNTAID 


wall of 


the ¢ 


atters 


The summit had to be carried by 


assault, and up we went. F 


irst sti 


ahead over the lower slope and t 


it grew 


steeper, 


right and 
‘*switehbacks’’ tha 
far above the floor of the valley 


eft in 


we 


t 


swung 


a serie 


earried 


} 
aiter! 
S oO! 


us Ya 


sharp spires of the firs rose among 


reek and dw 


spruces 


along the 


( 


into insignificance as we ascende 


eliff-like 
the fae 


wall 


> 


before us. 


vision. 


ot 


this the trail 
From this point a panorama spread 
We were now out of t! 

est and could see far with uninterru 


rose above us, and 


Was Ci 


Our canyon where we ha 


it began 
eurve toward the south, where it t 


souree 


in 


to 


a 


turn 


lake 


in 


a broad swe 


nestled 


among 
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Its walls of bare and searred 


presented a deep, rounded, ela- 


rough. Here the north and west t rang 

if Blodgett Canyon forms the main rid: One emerg 
of the Bitter Roots. On and on as 

s the eve could reach was a wildly 

g sea of crags and peaks Down 

‘anyon to the east lay our trail of luxuriant 
rday—somewhere deep in the chasm Corkserew 

w hundred 


g the spruces and firs and tumbled 


} 


ders—and away out beyond was the moderate ine 
er Root Valley. But the pack train subalpine meadoy 
coming on: wi eould = se¢ them f deep blu 
rging from the woods toward the 
nt and knew that our time for view 
e the landsea pe was limited We 
turned reluctantly from the vision and 
ddressed ourselves onee more to the 
scent. 
The trail crosses 
6.500 feet. Right ’ found 
Rhododendron albiflorum ani he little 





ENTRANCE TO BLODGETT CANYON 


THE BiTTeR Root MOUNTAIN 
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moving except as we 


specimens Too vood To leave 


] 


is deeply gullied by flood 


slow. but withal 


WogeyrTess is 


going than vesterday 
decreasing elevation come 


1 drit r eround 


pine is dominant 


trail, now much bett 


teadily westward towards Big Sand 


This beautiful body of water lies 


fringed by 


a silver mirror green 
st. TI 
and it 
never 


e silent fir and spruce hedges 
mind seemed as if its placid 
som Was 

z We wanted to linger at t] 

nted but the 
engthening and there was some distance 
find 


consideration at 


stirred by a passing 
HIS eC 
wert 


spot, shadows 


to go he fore wie eould feed for 


orses, a necessary 
eamp 

problem of supporting horses on 

if this sort is an ever present one 

an open prairie or meadow there is 

ally little difficulty the 

grasses ot many species furnish excellent 


native 


and animals feed contentedly 


without straying far on such pastures. 
tray 


rorage 


But most of the area we were now 
forested. The 
Most of its plants are lack 


ersing Was forest offers 
ttle feed. 
nutritive 
The 

ekets of willows and other shrubs are 
ittle better than the upland pine forests. 
around the 


coarse 


value Few erasses 


ng in 


ecur ereek bottoms with their 


Bogs and meadows 


young 
ores of lakes produce mostly 

which, although some of them are 
unwholesome. In 


are rather 


irned areas the growth of weeds and 
of little value, and 


fallen timber makes difficult 


owse is also the 


nount of 


eess to what is edible. Consequently 


ed is limited mainly to open olades 


meadows where grasses abound, and 
se are found in their best condition at 


vher elevations. Horses will not stay 


poor feeding erounds and, though 


EXPLORATIONS 


hobbled. Wi 
away durin: 
exeril 


wrangier and 


arduous 
neonvenient 
Picketing is 
risky and, on pi 

must 


Ilence the packer 


and trust to | 


loos 
other devices to 
again. (one ot 
trip was the seareit 
sequent difficulty ot 
within reae Const 
lay was required 
them while feeding ; 


and the 


‘ 


marehes duration our sojo 


w?re or 


tingeney 


The 


COUTSE ot Lilie 


next 


then swung to ft] west, rising 


south-facing slope and burned ; 
open green forest on 
7.000 feet. We the gan to drop down 
basin and at noon pulled 
Ranger 


beautiful and 


a shallow 
Elk 


one ot 


Into 


up at Summit Station 
Here is 
7 


extensive 0 the 


the most 


mountain ‘‘parks 


embracing a hundred acres or mor 


partly level meadow, partly gently roll 
ing slopes dott d With ¢ 


umps oT Spl Lice 


Grass grew luxuriantly, and a 


and fir. 


little stream flowing from a small lake 
wound its way between low banks 

ideal location lay on the Lochsa-Selway 
divide. To the east 
Big Sand and thence 1 
the 0 Moos 
Selway 


After a brief call on Bel 


northward to Kooskoo 


water flowed to the 
Loe] 


west int 


Ranger 
pushed on 
Meadows, 
One ot the 
Elk 
led up a 
lodgepole burn. By 


SCVC! m 


about 


tra ls lead 


many 


Summit was pointed out 


gentle SLODSE T i\roug! 


degre 


insensibl 


lodgepole pine into 


passed trom the 
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BREAKING CAMP 


TREES IN THE BACKGRO 
white bark pine and its carpet of wood 
rush and clumps of purple mountain 
heather (Phyllodoce empetriformis) and 
Labrador Tea (Ledum 
and we knew that we 
7,000 feet This elevation of 
land proved to be a long narrow ridge 
from the which we 
afforded an excellent the 
the Bitter Roots rugged 
summits formed the skyline. 
St. Mary’s Peak, the Heavenly Twins, 
El Capitan and Trapper rose in their 
nearly 


glandulosum ) 


were now neal 


elevation. 
vantage of were 
view ot west 
side of whose 
eastern 


magnificence in a panorama 
seventy miles wide across the deep can- 
yon of the Big Sand. 

From this the trail 
rapidly through an open and partially 


ridge dropped 


burned forest and emerged at the edge 
of a wet bog where pools of water alter 
nated rush and 
and with the white plumes of the cotton- 
(Eriophorum) waving in the 
Kooskooska Meadows was origi- 


with islands of sedar 
grass 
breeze 
nally a small lake formed either in a 


natural depression or through the work 
Silt and sand earried in by 


of beavers. 


AT ELK SUMMIT 


SUBALPINE FI 


streams and the encroachment o 
resulted in a level ar 


turt 


tion have 


many acres of heavy formes 


grasses, sedges, shrubs and other p! 


traversed by meandering waterco 


whose channels are often treache 
hidden 
Its 


steps in the succession toward t 


vegel 


overhanging ‘ 
diffe) 


under 
varied surface displayed 
first, the aquatic sedges 
then the drier areas « 
pied by grasses; then the shrubbs 

tation. Here also the fir and spruce 
dominant killed by 

form a thick and somber forest skirt 


ture stage; 
other plants; 


and where not 


the edges of the bog. This was whiat 
elder Hobbs 


bog.’’ in 


deprecatingly Cale 


**moose allusion to the 
prospect it presented for his horses 
Two days were spent at these n 
ows. One was devoted to a side 
to Friday ’s Pass. five or six miles 
camp. <A couple of saddle-horses 
requisitioned, and the writer in com] 
with Mr. Severy set out over the 
that led, via this the Le 


Canyon. The whole of the distance 


pass, to 
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ih a heavily burned area, which 

ented little of interest exc pt as we fringed 

ed the pass where some rich sub ime was sh 
ne meadows furnished a collection ot ‘olleections 


hed, crowing in dense flowering mats ‘amp, Ww | 
a southern exposure. Campanula xperience 
"yl and species ol Hype ricum, Nene Re turning 
and Arnica were also conspicuous in 
bloom. 
[he pass has an altitude of 8,000 feet. use of the time and 
Here the trail crosses a gTass\ glade and ine blotters and @ 
descends abruptly toward the Lochsa. vanced in the ew 
A belt of green timber which had things were added 
escaped the fire consisted mainly of lateness of the seas 
white bark pine (P. albicaulis); but a the collection 
little to one side and above the pass we From here we turned 
‘ame upon Lyall’s Lareh (L. Lyallir), the Selway River, d 
first and only specimens found on __ five or thirty miles 
Selway trip. to Moose Creek in 
Beyond the pass and below the peak through a narrow gorg 
lies the chain of little Wind Lakes. difficult and impracticabl 
They are several hundred feet below the ably the reason why our 


; ; 


pass and were reached by us with some over a high ridge to 


diffieulty, clambering down over eliff eanvon and the n dow} | 




















SUBALPINE MEADOWS AT ELK SUMMIT 


EES WITH THE SPIRE-LIKE Chow ARE SUBALPINE FIR fhies laswe 


CIPAI ENGELMANN SPRUCI Picea I 
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WHITEBARK PINE 


IN FriIpAy’s PAss. ALTITUDI 


to the stream some miles below. The 
westward slope of this mountain was 
notable in the presence, size and fre- 
queney of certain species not met before. 
The grand fir (Abies grandis) and Cas- 
eara (Rhamnus Purshiana), both partial 
to moist conditions and moderate tem- 
perature, were especially worthy of 
mention, and the mountain laurel 
(Ceanothus velutinus) attained a height 
of six to eight feet as against the height 
of two feet seen in the Bitter Root Val- 


ley and elsewhere in dry places in Mon- 
tana. All these species grow luxuriantly 
in the Coast Mountains of Oregon and 


reach larger dimensions than anywhere 
in the Rockies. 

From the foot of the mountain the 
trail follows Moose Creek along the bot- 
tom. This tributary of the Selway 
heads to the south of Elk Summit and 
becomes a considerable stream ere it 


~ 


PINUS ALBICAULIS 


FEET. GRANI 


joins the river. Along this 

soon came upon another expressio) 
the coast conditions in a most interest 
and pleasing way. For several miles 
trail led through a magnificent stan 
arbor vitae (Thuja plicata). The 
trunks of these trees, with diamete 
three to six feet, rose in tall eolu 
supporting a canopy of foliage thr 
which the sunlight searcely penetrat 
It was practically a pure forest an 
dense that few plants grew beneat 
Only the maidenhair fern, which 
in profusion, could really be said 
successful in this deep shade 
formerly were fifteen or twenty mil 
this forest before the fires s\ 
through this section Now about 
miles is all that remains untou 
Emerging from the cavernous dept 
this green belt into the desolate 
weedy burn led us to an acute realizat 





BOTANICAL EXPLORATIONS 

e loss to which we were subject had for the horses 

igh forest fires. green torest, and a 
bout four o'clock found us at Mapl 

k where we camped tor the night. no stop, 
is of travelling through the hot sun the horses could 

a dusty trail made the cold, clear took us about three 
er look good to us. so we stripped and mouth of Meeker 
nged into its icy flow. A few minutes Hobbs ealled a_ halt 

but it refreshed us greatly and we’ dubious indieation 


7 


ssed and set vigorously about our had on the hills above us 
rk ot preparing the day ’s collections we could see the 

m along the trail. facing the south, wl 

\ few miles farther on Moose Creek fora forest, bore a se: 
Canyon opens out into a valley with grasses. It was thoug! 
broad flats where two or three bold set ably extended back far « 
tlers are clearing farms out of the wil fair pasture for the ani 
derness. This pioneer home-building is ingly they were turned out 
fraught with much hardship and little slopes and a barricade ereet 
profit, but it has its compensations. If them from coming down 
income is small, wants also are few and This was our eighth day out 
much of the living is yielded by the fer hoped to continue down the riy 
tile soil and the abounding fish and as far as the falls some twenty 
game. low, but the searcity of feed mack 

Moose Creek joins the Selway River, seem best to turn toward the head of 
coming down from the south. At the Selway, which meant retrace 
point of junction the gulches narrow steps as far as the mouth of 
again and both streams emerge to the Creek. where we would turn sout] 
union from rockbound gorges. The Sel- valley. We were in some doubt a 
way is a beautiful stream. Our trail where our course could profitably 
followed the bluffs along the right bank laid and one of our difficulties was 
often high above the stream into whose securing adequate information as 
green and transparent depths we loved trails and feed. Our maps were th 


to gaze. It was low water and the hig to be had, but they were either inco 


h 
water line plainly visible on the rock plete or old and indieated nothing as 


wall of the chasm was fully twenty feet the conditions of the trails, which in some 
above the surface of the stream in eases were found to have been abandoned 
August. The absence of driftwood and for years. Oral inquiry was not 
light debris on the immediate banks of better in eliciting dependabl 
this stream bore testimony to the swift mation. 
eurrent of its high floods, and the im- At Meeker Creek the altitude is a 
mense volume of water which in season 2.200 feet. The dryness apparent 
pours down this channel indicates the the higher exposed slopes indicated 
bundanece of its sources, largely in entrance into a different climatic 
melting snow. the Arid Transition, which we left 
Our objective for this day’s march was Hamilton, Montana, at 3,600 feet and 
Cedar Camp, about twenty miles from which prevails generally in the inter 
Maple Creek, but upon arrival it was mountain valleys farther east from 4,000 


pparent that very little feed eould be feet down Along the Selway at 1 
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FIRE DESOLATION 


DEAD TREES IN THE FOREGROUND 


point and in sheltered canyons and on 


north slopes we found ourselves in com- 
pany with the grand fir and other plants 
Humid Transition of the 
Pacifie conditions indicative of 
greater rainfall and _ higher 
humidity than obtains east of the Bitter 
Root Range. 

At Meeker Creek our fortunes began to 
change. Up to this point our trip was 
pleasant and successful, but the subse- 
for- 
this 


suggestive of 
Coast, 
relative 


quent days were not soon to be 


gotten. Dawn had not broken on 








MAPLE CREEK 


ARBOR VITAI Th 
camp before the wakeful ear of ID) 
caught the sound of bells descending 
hill. 
eade and were making for the river ft! 
Hurri 


The horses had passed the bai 


They must be turned back! 
rolling out of his blankets and slipp 
on his shoes he rushed out in his n 
clothes to reach the point on the t1 
some the camp, w! 
they eoming do 
Whether the perversity of the beasts 
fright at stampe 
them we will never know, but they 


distanee below 


seemed to be 


his appearance 
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in plunging into the main trail the ga 

eaded up the river on the run. Selway 

trail along the Selway for miles is Ranger Sta 

ut of the side of the bluffs often Our coffe 

jitous above and below with no 

e for detour There was nothing 

but to follow the animals and trust ‘anger i absent 
almost impossible chance to get charge resisted bot 


d them. Seven miles lay between prayers, so we we) 


and the mouth of Moose Creek. Here also for mil 


‘ 


the trail forked and the branch to and out around thi 
ight leading up the river crossed a stream. T 
over Moose Creek At the farthe being on the slopes 
this bridge a gate barred the way. got the full force of 
at last luck favored Dan The None of us felt muel 
rse is often a stupid animal, and in with the difficulties 
s ease they entered the cul de sac and uncertainties as 
re captured. Returning to camp by Early in the afternoon two otf 
t o'clock Dan refreshed himselt by a Dan and Edward, showed mar! 
inge in the river, and the ineident of toms of illness, and at last 
iorses was dismissed as part ol the to pull off the trail and mi: 
v’s work Dog Creek, seven miles above 


The outfit was soon got in motion and We had hardly dismounte: 


vy eleven o'clock we were back at the vounger boy fell ina faint. Dan retained 


‘ 


rks ot Ti trail. passed the br dge and CONSECLOUSTIECSS but retired to a } ly 
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made bed. Here we were in the heart 
of the Clearwater wilderness, nearly 
fifty miles from the nearest wagon road 
which lay beyond the high Bitter Root 
Range, and two eases of the dread 
spotted fever on hand, that swift disease 
that usually carries off its victims in ; 
few days. For a day or two the boys 
had been somewhat indisposed but had 
not given the matter serious considera- 
tion. It was now the ninth day after 
entering Blodgett Canyon, one of the 
worst localities of spotted fever infection, 
but at this season generally considered 
sate The wood tick (Dermacentor 
venustus), which in the opinion of physi- 
cians is generally aecredited with the 
transmission of the disease, is active in 
the earlier part of the season, but in mid- 
summer passes into a dormant stage. On 
this trip we saw but one tick and that 
was not on either of the boys taken ill. 

The writer will spare the account of 
the harrowing days that followed—of 
our helplessness against the progress of 
the disease, of the foreed march across 
the Bitter Roots by the shortest route 
which followed an abandoned trail full 
of fallen timber, of the anxiety and 
strain, and of the final passing of brave 
Dan. We might better dwell on the 
quiet heroism of Ned Hobbs, on the fine 
loyalty of Severy, and on the stauneh 
service of a few forest workers who 
aided us in our extremity. But space 
here will not permit of the account which 
may sometime be told more in full. 

In the afternoon of the sixteenth day 
of our trip we reached the foot of Como 
Lake at the eastern base of the Bitter 
Root Mountains. Here we made camp. 
A rough, winding, wagon read comes up 
from Darby on tlic Bitter Root River. <A 
message having been sent to Missoula, it 
was evening when the hum of a motor 
was heard and the family auto appeared. 
We now bade farewell to the camp, to 
the stalwart foresters who had assisted as 
stretcher bearers, to our good friends, 


the Hobbses, whose courag 
work had meant much to us, a 
our backs on those scenes and « 
which we can never forget, 
linger like the impressions 
dream. The ear rolled down 
grade to the highway and 
on the seventy-mile run to 
The dark road was deserted, valk 
one by one were left behind. 
pulled up at home and the Sely 
was over. 

The coming of the fever put 
this botanical enterprise. W 
tematic record and collections 
made on the return trip ft 
through which we passed rema 
writer’s mind strangely as \ 
photographs. The winding tra 
obstructions, the bends and po 
cataracts of the streams, the m 
lakes fringed with fir and spruce 
Creek Pass and the towering peal 
Capitan, the camp sites and the s 
company, the vegetation and w 
Some old lodgepole affording t 
specimens of the species Pinus coi 
ever seen, fine patches of Aster and 
dago in the mountain meadows, tlhies 
others remain still indelibly pri 
the memory. On the whole t! 
section of the vegetation represt 
the Rock Creek Pass over the 
Roots differs little from that 
Blodgett «Pass, twenty miles 
north, except perhaps as affect 
slightly drier conditions and the t 
out or the absence of certain forms 


appear ‘proportional to the iner 


humidity with the progress northw 

With this, the somewhat meag 
eount of the Selway excursion, this 
will close. The following seasol 
writer with another outfit cross: 
Bitter Roots farther north and exan 
the vegetation around the sources 
Lochsa and the upper Clearwate 
story of this trip will appear und 
title of the Lolo Trail. 
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WHO INVENTED IT? 


By S. C. GILFILLAN 
EDGEWATER, N. J. 


‘‘BLESSINGS on the man who invented 
sleep,’’ said the classic Sancho Panza; 
and the English balladist: 


So I wish in heaven his soul may dwell 
Who first found out the leather bottell. 


Perhaps, indeed, he was thinking more 
of the inner spirit of the bottle, than of 
its outer integument. Anyway these old- 
timers express a thought that is common 
to-day, the rule even, and which not even 
a single social scientist has shaken him- 
self sufficiently free from, viz., that the 
great inventions were made by certain 
great men. We know the names reported 
for many of the inventors, chiefly Ameri- 
cans, which were taught us in unques- 
tioning youth. Many heroes have been 


forgot, perhaps, but they were individ- 
uals, it is believed, and might be known. 
Here is Rear-Admiral Bradley A. Fiske, 


U. S. N., for example, a very distin- 
guished inventor, author of ‘‘ Invention, 
the Master-key to Progress’’ (1921), say- 
ing in it that to Dedalus are ascribed the 
saw, gimlet, plumb-line, ax, wedge, lever, 
masts and sails. ‘‘As no records show to 
us that the inventions just enumerated 
(except masts and sails) had been in- 
vented elsewhere, we may feel justified 
in inferring that they were invented in 
Greece by Dedalus, or by some other 
man bearing a different name—or by 
some other men.’’ Not one was. In 
some of his other passages, to be sure, 
the Admiral reflects a sounder sense of 
inventive history. 

However, that all inventions were 
made by certain men, and the great in- 
ventions by great men, is the almost 
universal belief. But here a difficulty at 
once appears. The famous inventors are 


ealled great because such and such an 
invention is attributed to them. Yet we 
do not call a commander a great general 
for gaining one crucial battle, nor a poet 
great for one perfect poem. For a single 
achievement, however momentous to us, 
may have been an accident to its maker. 

Now among all the inventors of whom 
popular history tells, only three, Archi- 
medes, Ericsson and Edison, have been 
credited with more than one important 
invention. Others may have equaled 
them in genius, but not in luck. So 
leaving aside these three ‘‘great inven- 
tors,’’ let us take up the ‘‘inventors’’ 
who did everything else, and later the 
question of who were really great in- 
ventors. 

Who invented the telegraph? Any 
American who has been through the 
eighth grade knows that it was Morse 
and Vail, in 1844. But there was an 
English commercial line seven years 
earlier, and the Germans credit the 
telegraph to Sommering, of Miinich, in 
1809, and in Switzerland there was an 
electric telegraph in 1774, and one was 
proposed in Scotland in 1753. The 
matter becomes rather confusing for 
the eighth grade. Who invented the 
friction match? There many 
claimants that we don’t 
devil invented it, and so have named it 
after Lucifer. Who devised the aneroid 
barometer? In Paris in 1848 two men, 
Vidi and Bourdon, each claimed it, with 
apparent sincerity, and different courts 
decided for each of them. But 152 years 
earlier the philosopher Leibniz had sug- 
gested such a barometer, describing it 
exactly. If we should really examine 
the roll of honors, from Archimedes, 


se 


are so 


know who the 


529 
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called the inventor of the pulley, to 
Marconi and the much overrated Wright 
brothers, we should find that almost 
every claim is disputed, and rightly. 

The chief reason for this confusion of 
parentage is that the process of making 
a great invention is totally different 
from the common understanding about 
it. A great invention is not a completed 
product, issuing at one time from the 
brain of one inventor. It is a wmulti- 
tudinous collection of little inventions, 
and is a growth of centuries. Had a 
single inventor to make the whole, he 
would need more hands than a monkey, 
more lives than a cat and more inventive 
genius than Pallas, Hermes and Loki 
combined. Let us illustrate this by the 
history of the steamship. 

The first stage of an invention is the 
beginning of a desire for it. We find 
the utility of the steamship perceived 
by Homer, who sang of the marvelous, 
great, black ships of the Pheacians, 
which without sail or oar or crew, sped 
swiftly to the remotest ends of earth, 
bringing back merchandise. Next, pad- 
dle-wheels descend from Roman days. 
In the thirteenth century Roger Bacon, 
from his experiments with gunpowder, 
glimpsed the internal combustion engine, 
and the means of fulfilling the Homeric 
desire. He wrote ‘‘Art can construct 
instruments of navigation such that the 
largest vessels, governed by a single man, 
will traverse rivers and seas more rapidly 
than if they were filled with oarsmen.”’ 
A steamboat had probably been sug- 
gested by 1651, and built by 1738, and 
we have patents with descriptions of 
1729 and 1736. But no success was to 
be expected from such craft, for their 
engines were wretched. Watt’s double- 
acting expansive steam engine appeared 
in 1782, and the next year the Marquis 
de Jouffroy had built a great boat, not 
fast enough, at Lyons. Before the end 
of the century steamboats had been built 
by many invertors, especially Rumsey on 
the Potomac and Thames, Fitch in the 


Delaware, who realized good speed anq 
long commercial use, and by Evans, an¢ 
Miller, who in 1789 made 6 knots on the 
Forth & Clyde Canal. In 1802 on ty 
same water Symington’s Charlotte Dyn. 
das was a perfect success, save that sh 
washed down the canal’s banks. Prox 
ently John Stevens, of Hoboken. 
speedy steam yachts on the Hudson. 
even with twin screws, tubular boilers 
and high pressure, excellent save for the 
damning workmanship in their motiy 
plant. 

Meanwhile Fulton, as we know from 
direct testimony, had been studying th 
plans or boats, and interviewing the de. 
signers, of every one of the important 
previous projects, in France, England 
and America. So had the other in. 
ventors been studying, the steamboat 
evolving out of joint experience; but 
none were so assiduous as Fulton. In 
all about thirty steamboats had been 
built, all in those three countries, gen- 
erally in the order given. Fulton first 
built a 66-foot boat on the Seine at Paris 
and obtained some speed, but little at- 
tention and no success. So he returned 
to the great rivers of America, and in 
1807 launched the Clermont in the Hud. 
son, and steamed for Albany at 5 miles 
per hour. 

There was apparently nothing new 
and valuable about this famous boat 
Her engines were from Boulton & Watt, 
and in no way except in her proportions 
she was superior to or different from her 
predecessors. Why then was she more 


with his forerunner Stevens, made one 
crucial discovery—the Hudson River— 
and got a patent on it! It was fitting 
that we celebrated together the anniver- 
saries of Henry Hudson and Robert 
Fulton, for each owes his greatest fame 
to discovering the Hudson River, 4l- 
though each had been preceded by 3 
navigator of its lower waters, and had 
pioneered more elsewhere. This river 
was the one best water in the world on 
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WHO INVENTED IT? 


which to run a steamboat. It was the 
nly water which combined all the ad- 
vantages of poor winds (for good winds 
would mean superior efficiency for sail- 
ing vessels), no tow-paths, bad roads, 
trifling waves, a deep channel, no rapids, 
a long straight route between centers of 
commerce, yet paralleled only by bad 
roads, with an intelligent population, no 
national boundary, and an abundant fuel 
supply. I am convinced that the lack of 
success Of several pre-Clermont steam- 
boats was mainly due to their faulty 
environment (and also inferior patent 
protection ). The Hudson was the one 
proper water for such craft as they; and 
it is noteworthy that the Hudson has 
always continued to float the best river 
steamboats in the world. But a New 
York paper on the famous day said that 
Fulton’s boat had been invented with a 
view to navigation of the windless Missis- 
sippi—Fitch’s aim, which was attained 
before there was a successful boat in 
Europe. 

I do not mean to disparage Fulton’s 
genius: he was a most brilliant inventor 
of many other things; but he did not 
invent the steamboat in the Clermont. 
Nor did he later, for, after rebuilding 
her at once and ably adapting steam to 
various types of vessels, and striving to 
monopolize steam navigation in New 
York waters (like his successors in acci- 
dental fame, the Wright brothers), he 
died in 1815. 

The reader has not been fatigued, we 
hope, by the voyage of the steamship 
from Homer to Fulton, for this is only 
the beginning of her trip, and we can 
best understand inventions in general by 
keeping full speed ahead. The Clermont 
was a crazy craft, unseaworthy, and slow 
as a geologic process. If steamboats had 
stopped evolving with her they would 
be as rare and unimportant to-day as 
dirigible balloons or intelligence in a 
jury. She is like the ape in our ances- 
tral tree, which we left long ago, and 
glad we are to have left it. But this 


o3l 


was her significance—once it was possible 
to make money out of steamboats, more 


and more craft were built, and each 
brought its little mite, or its valuable 
contribution, to the art of steam naviga- 
tion. Each added its inventions, its im- 
provements of detail, which enabled the 
steamboat to navigate more waters, to be 
swifter, safer, larger and more economi- 
eal and effective in every way. So the 
number of launchings and the rate of 
progress steadily grew. 

About the time of the Clermont, 
Stevens had reverted to low pressure and 
paddle-wheels, and produced a small 
vessel of high speed. His Phoeniz, 
launched a little later, which first of 
steamers sailed the sea, and survived a 
storm, in 1809, when driven by Fulton’s 
patent to the Delaware, was a better ship 
than the Clermont, with a simpler 
steeple engine and much better lines. 
She presents excellent evidence of Ful- 
ton’s non-necessity, for it appears that 
she was designed chiefly previously and 
independently, beginning in 1805, and 
that there was likely as much give as 
take with Stevens... Thus we may not 
conjecture, but flatly state, that had 
Fulton never lived, the first fully sue- 
cessful steamboat would have been 
launched by the Stevenses at practically 
the same time and quite the same waters 
as the Clermont. 

The ripening art spread slowly, and 
where most needed. The St. Lawrence 
knew steam in 1809, and the wild but 
swift and windless Father of Waters in 
1811. Not until the year after that was 
a steamboat successful on a river of 
Europe (the Clyde). By 1819 they 
smote the sea with the resounding pad- 
dle, for short coasting jumps. Not until 
1840 could they cross the broad Atlantic, 
with its wind and waves, as efficiently as 

1 Authorities have disagreed as to the date 
of the Phoenix’ launch, but it was April 9, 
1808, while her independent design is likewise 
attested by A. D. Turnbull, Stevens’ forthcom- 
ing biographer. 
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the sailing packets, and then only for 
eabin passengers. By 1893 half the 
world’s marine tonnage was steam-pro- 
pelled, but not yet has the steamship be- 
come so perfected as to be better on all 
voyages than the sailer (also constantly 
perfected ). 

A steamship like the Leviathan re- 
sembles the Clermont no more than she 
does the Flying Dutchman or a quin- 
quireme. Perhaps every principle that 
was in the Clermont is tucked somewhere 
aboard the modern marine monster, but 
her 60,000 tons are built up on inventions 
other and countless, millions of inven- 
tions. She has ears beneath the water, 
wherewith to hear the signals of the sea, 
when the fog lies over, and she has varied 
instruments as well to pierce the fog, 
hearing and making heard. The stock- 
less anchor in her bow is an invention; 
and so are the machines that forged the 
mighty links of her chain cables. There 
are typewriters in her office, and ele- 
vators connect her decks. The anti- 
fouling paint on her keel is an invention, 
and the tools that made it. Cheap steel, 
such as makes possible her hull, has been 
called the greatest of modern inventions; 
and necessary for that steel were all the 
instruments, processes and sciences in- 
volved, from finding the iron’s ore in 
Lorraine, to devising the giant’s thumb 
and finger, that pinched her plates to- 
gether with one-inch rivets, and left the 
surface smooth. Her turbine engines, 
propellers, endless electrification—these 
are new. So we might progress from 
her keel up to the wireless antenna, and 
find represented in her, or involved 
ashore, sO many inventions that their 
very descriptions would load the ship. 
Searce one of them is indispensable for a 
great liner, yet all help, and all the mil- 
lions of them are necessary to make her 
as she is. Few of these inventions were 
represented in the Clermont. The Levi- 
athan’s real inventors were half of all 
the fathers of devices or improvements 


who have lived since time began. She i 
a museum of modern civilization, rivetea 
together and called a steamship. Fy); 
no more invented her than he d 
moon. And just so is it with a printing 
plant, a telephone system or any 
so-called great invention—each is 
complicated product of a vast and age. 
old series of inventions in its own and 
all related fields, due to no one man. ; 
nation, nor century nor millennium eve 
An ‘‘invention’’ is simply a cer 
grouping, defined by an English word 
all the achievements of men’s mir 
since time began. So the ‘‘great i: 
tions’’ were never made by any on 
each is perpetually being made. 

Why then is there that ridiculous ¢ 
mon report, echoed even by invent 
and engineers, that Fulton invented t 
steamship of to-day, or any steam) 

It is a matter of language, and of ps) 
chology. People want a definite origin 
for things. ‘‘Jubal: he was the fat! 
of all such as handle the harp and orga: 
And ... Tubal-cain, an instructor 
every artificer in brass and iron.’’ Thy 
Greeks gave their thanks to Apollo { 
the invention of the lyre, if not 
Hermes, to whom also they ascribed t! 
alphabet, astronomy, numbers, weights 
and measures, the syrinx, music, gyn- 
nasties, tactics and olive culture. But 
let us consult a modern authority, t 
Century Book of Facts (sic), ‘‘authent 
comprehensive, up-to-date,’’ and pub- 
lished in 1902 in Springfield, Mass., ¢- 
cording to the title page, under 
editorship of Henry W. Ruoff, M.A 
D.C.L. and sometime professor. We read 
here, along with a typical chronology 
modern inventions, that wine was 
brought from India by Bacchus, weights 
and measures invented by Phidon in th: 
year 864 B. C., and that the reported 
inventions of Dedalus, which Admiral 
Fiske cited, were made in 1240 B. 0 
What admirable precision! And see 
Professor Ruoff’s cosmopolitan respot- 
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siveness to the voice of authority: Wheat 
bread was invented by Ching-Noung, 
1998 B. C.; the flute and musical concord 
by Hyagnis, 1506; ‘‘it is, however, 
agreed that music was first reduced to 
rules by Jubal, 1800 B. C. ‘‘Silk was 
invented by Se-ling, wife of the Emperor 
Hoangti, about 2637 B. C. (never mind 
f authentic Chinese history does begin 
two millenniums later), and the violin 
in 5000 B. C. by Ravana, king of Ceylon. 
But as to weaving the compiler finds 
some difficulty, for the Egyptians as- 
eribed the art to Isis, the Greeks to Pal- 
las, and the Peruvians to the wife of 
Maneo Capac. 

A similar list, with mythology as bad, 
is to be found in Le Machinisme Uni- 
versel, written in 1925 by Etienne 
Pacoret, ‘‘Ingénieur, Lauréat de sociétés 
savantes et industrielles,’’ author of 
seven books on engineering, perfectly 
competent in the engineering side of this 
his latest, but innocent of sociology, like 
the Admiral. 

Now simply add an American myth 
that the steamboat was invented by Ful- 
ton. Primitive minds having their 
similarities, whether in Homeric Greece 
or Chieago, the recurrent question of 
whence something came, which it is 
known did not always exist, is answered 
by ascribing it to some definite and per- 
sonal origin. ‘‘The telegraph?’’ Tom 
says, ‘‘why, some one must have invented 
it—it seems to me I’ve heard about 
Mcrse—yes, it must have been invented 
by Morse.’’ Not just as a joke, but as 
an attempt at truer library classification 
in the Dewey system, I would suggest 
that grammar school American histories 
be classified under 292, Mythology, for 
this and similar reasons. 

The fundamentalist assault upon bio- 
logie evolution is partly an expression of 
this same trait of the ordinary mind, 
which ean not so easily conceive and re- 
member the development of a gradual 
evolution, as a single creation by act of 
one person. 


The popular idea, then, of an inven- 
tion is a mythologic concept, a personal 
symbol to account for the origin of some- 
thing. What determines the personage 
—why is Fulton the inventor 
of the steamship instead of Roger 
Bacon or Symington or Thornycroft? 
That man is preferred as the titular in- 
ventor who belongs to our own national 
history, if possible, or to a related coun- 


called 


try, and who was the first man to make 


the device a commercial! success. Fulton 
was no more the first man to improve the 
steamboat than he was the last, but he 
was the first to make money out of it. 
He is not deified just because he made 
money, but because his Clermont (with 
Stevens’s Phoenix) was indeed a cardi- 
nal event in the evolution of the steam- 
ship. Previously, building steamboats 
had seemed a pretty sure way to lose 
money, so only a few fools built them. 
After the Clermont Fulton had money 
and reputation whereby to make further 
experiments, and other men, especially 
the brilliant R. L. Stevens, were en- 
couraged to build boats elsewhere, to 
make money. The were 
built, the more inventions were made 
thereon, and the faster the steamship 
evolved. What Fulton achieved, through 
his lucky step of launching the right 
sized boat on the right waters, was only 
to change the steamboat from say 95 per 
eent. worth while (7.e., from a means of 
losing money) to 105 per cent. worth 
while (7.e., a means of gaining money). 
There is a supremely important economic 
difference between a deficit 
and a 5 per cent. profit the 
number of people who will enter a losing 
business, and a lucrative one. Yet the 
genius required to make that small in- 
erease of return greater than 
some later inventor’s raised the 
steampship’s usefulness from 8,030 per 
cent. to 8,040 per cent. We shall speak 
in another article of the crucial impor- 
tance of some one’s being able to make 
money out of a contrivance. 


more boats 
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Well, so it is with the mythology of 
each other invention—the Wright Bros. 
for the airplane, Bell to answer the tele- 
phone, Marconi for wireless, are selected 
out of the millions of their helpers, for 
having been the men who were conduct- 
ing an invention, the gradual product of 
centuries, in that moment when it 
crossed the dividing line between com- 
mercial failure and eemmercial profit. 

We have mentioned the tendency for 
the titular inventor to hail from the right 
country. The English believe that the 
steamboat was invented by Symington, 
the Seotch call Bell (1812) the father of 
the steamboat, the French swear by 
Jouffroy, and the Spaniards have had a 
thoroughly mythical Blaseo de Garay. 
Mythology does not relish heroes who 
were foreigners. The American list of 
inventors allots most of the honors to 
Americans, and about all the rest to 
Englishmen (including Marconi who did 
his work in England). Perhaps these 
personal symbols, as parts of our national 
epic, our patriotic religion, are necessary 
or proper concepts for grammar school 
children. At any rate they are bound 
to be propagated while Americanization 
is the watchword, for they strengthen 
hero-worship and patriotism, combatting 
socialism. But at least let those who are 
old and sane enough to hear such truths 
about the great inventions as are known 
to any specialist, not repeat that parrot 


folly of assigning single personal sym} 
to the great inventions, on which mij] 
of minds have toiled for centuries, , 
still toil. There is no more necessity ; 
our believing in such an origin fo; 
sewing-machine than there is for sue 
origin of man or coats or modern ao 
culture; and to continue doing so y 
be equally fatal to all understanding 
inventions. 

If we desire great inventors to look ) 
to, for learning how to live and 1a} 
us reverence those discoverers in al] 
who through a lifetime of successfy! 
venting showed indomitable perse 
ance, egregious ingenuity, shining ge) 
Such heroes include (remembering t 
lives, not their mythologie attributes 
Archimedes, Roger Bacon, the Mar 
of Worcester, Watt, Fulton, the Brun 
the Stevenses and Stephensons, Eriecss 
Edison, Siemens, Hiram Maxim, F]i 
Thomson, Charles Scribner, Steinmetz 
Emmet, Coolidge and others who 
labored long, avidly and brilliantly t 
advance human life. 

But the common idea that the great 
ventions have been dependent upon 
genius of a single man, so that if th 
great So-and-so had died of whooping 
cough all history would have been differ 
ent—this idea must now appear e! 
roneous; and it will appear absurd from 
our further examination into the social 
process and controls of invention. 
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BACK TO METHUSELAH? 


By PAUL POPENOE 


PASADENA, 


Tat the fountain of youth is just 
around the corner is one of the most 
widely heralded of recent discoveries. 
Man is assured that, thanks to modern 
medical science, his life is to be im- 
mensely prolonged in the near future. 
Newspaper editorial writers vaguely 
quote Irving Fisher and Julian Huxley, 
while they ask whether their subscribers 
are really ready to use wisely the addi- 
tional decades that are about to be 
thrust upon them. 

Making the promise more specific, a 
speaker tells the twentieth annual meet- 
ing of the American Sociological Society 
“that in the year 2,000 A. D., unless we 
wreck our civilization before that date, 
many a baby will be born with 200 years 
or more of life before it; and that men 
and women 100 years of age will be 
quite the normal thing, but instead of 
being wrinkled and crippled they will 
still be in their vigorous prime.”’ 

Such a result would amount to an 
unprecedented acceleration of evolution; 
for longevity is an adaptation that fits 
each species to its conditions of life, 
removing the adults at a certain time 
after they have had an opportunity to 
reproduce. 

There has been a gradual evolution in 
the length of the pre-reproductive 
period, since the year 1. A bacterium 
is ready to reproduce after forty min- 
utes of life, a Ph.D. perhaps not until 
after forty years. During the course of 
hundreds of millions of years, the gen- 
eral tendency has been, as C. B. Daven- 
port lately pointed out, toward the 
establishment in mankind of a relatively 
short uterine period, long childhood, 


CALIFORNIA 

short reproductive period, and long post- 
reproductive period. But there 
apparently not been any very wide- 
spread and striking change in any of 
these respects in historic times, though 
there have been marked and deleterious 
changes in them in limited parts of the 
human race, namely, the most highly 
educated strata of the most highly civil- 
ized nations. 

Two or three thousand years ago it 
appears from the studies of Karl Pear- 
son and W. R. Macdonnell that the ex- 
pectation of life at birth was ten or 
twenty years less than at present. At 
the higher ages, however—say, after 
sixty—the ancient Roman’s expectation 
of life was probably higher than is that 
of the American to-day. This was due 
to the higher selective death-rate in 
early life, which weeded out the weakest 
and left only the strongest to survive. 
The same factor (and not, Elie 
Metchnikoff supposed, the drinking of 
buttermilk) may produce an unusual 
proportion of centenarians in a rough 
country like Bulgaria. 

Most of the progress of the medical 
sciences has certainly been within the 
last two thousand years. It appears 
that it has not increased the expectation 
of life at birth more than 100 per cent. 
at the most; and that long-lived people 
actually may not, on the average, live as 
long as they used to. Hence the sugges- 
tion that the average span of life may, 
in the next two or three generations, be 
increased some 300 per cent. or 400 per 
cent., involves an unheard-of speeding 
up of evolution. 
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Evolution is not a sprint, but an en- 
durance contest. Such bursts of speed 
have sometimes not been very successful 
in attaining their goal. One of the out- 
standing and familiar examples is that 
of the aborigines of the western hemis- 
phere who, after the arrival of Colum- 
bus, tried to cover in a few generations 
the ground that Europeans had covered 
in an equal number of millennia, in re- 
spect to resistance to certain zymotic 
diseases and to alcohol. The effort 
killed nearly all of them. In some locali- 
ties, as, for instance, Tasmania, there is 
literally not a single member of the old 
native race left. 

The practicability of such accelerated 
progress in the case of longevity is urged 
by Hornell Hart, on the ground that it 
ean already be demonstrated in other 
aspects of man’s power to control his 
environment. He cites the development 


of edged tools, transportation, methods 


of warfare, and the like. But these are 
social accomplishments, not phases of 
organic evolution. Indeed, the distine- 
tion between inheritance and tradition is 
precisely that in the latter each genera- 
tion begins where the preceding one 
stopped; in the former, each generation 
begins very nearly where the preceding 
one began. 

And human longevity is very defi- 
nitely an organic, not a _ cultural, 
attribute. 

As to the exact mechanism by which 
mankind is to be enabled to take this 
running broad jump in its evolution, all 
the evangelists are a bit vague. They 
merely point to the lengthening of the 
average span of life, and by projecting 
this forward can easily, if they desire, 
prove that the span asymptotes infinity. 

When the facts are examined in more 
detail, it appears that much of this in- 
crease in the average duration of life is, 
in one sense, merely statistical, resulting 
from a decrease in infant mortality. If 
a population is made up of one thousand 


THE SCIENTIFIC MONTHLY 


people who died before the age of 
and one thousand others 
centenarians, it is evident that th 

age duration of life is some fifty y 
If the infant mortality is eliminated 


who he 


average duration of life is immediate! 


doubled, though the oldest do not li 
day longer than they did under the | 
hypothesis. 

The much vaunted increase in 
span of life is therefore partly a 
carnation of one of the commonest 
tistical bugbears, namely, the mi 
pretation of the arithmetical mea 

While the infant mortality has | 
somewhat decreased in most ci: 
countries during the last generatior 
two, the actual gain is by no mea: 
great as it is often represented t 
Part of it is a mere bookkeeping ¢ 
due to the better registration of i: 
births. The usual measure 
mortality is a fraction, which cor 
essentially of the ratio of deaths 
births. 


Deaths, which involve an under 


taker and a cemetery, therefore son 
publicity, have always been registered 
much more fully than births, which co 


monly occur in the privacy of the hon 


Even now there is probably no area 
the United States which registers 


of infant 


large a percentage of its births as it does 


of its deaths. But a vigorous cam} 
by the Census Bureau and many ot 


or 


agencies has resulted in a steady increas’ 


in the efficiency of birth registrat 
This steadily augments the denomi! 
of the fraction, without changing 


numerator, and results in an apparent 


though spurious, decrease in the infar 


mortality rate, even if the proportion 11 


fact does not change. 


This is frankly recognized by man; 


Thus 
of 


health authorities. 
State Board 


publie 
California 


He alt! 


Weekly Bulletin, November 27, 1°26 


after mentioning the remarkably 
infant mortality rates in some cities 
the state, continues: 
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In some California cities, however, the high 
infant mortality rates are most deplorable. It 
would seem that there is little or no community 
pride in making an effort to salvage these 
human lives. Undoubtedly the most important 
factor in the reduction of infant mortality lies 
in securing thorough registration of all births. 
This is obvious when it is considered that the 
infant mortality rate is the proportion of 
deaths of infants to the total number of live 
births. If all births are not registered, but if 
all deaths are registered, the infant mortality 
rate will of course be correspondingly high. 
The more thoroughly that births are reported 
in any community the lower its infant mortal- 
ity rate will be. Next in importance in the 
production of a low infant mortality rate is 
the provision of pure milk supplies, ete. 


There has doubtless been some real 
decline in the proportion of deaths under 
one year, but this is largely counter- 
balanced by a corresponding increase in 
deaths between two and five years—an 
offset on which the infant welfare agen- 
cies do not have much to say. Inasmuch 
as more than one half of all deaths are 


selective, representing the elimination of 
the least fit, it weuld be expected that 
pulling weak babies through the first 
year would result merely in saving that 
many more to die in succeeding years— 
for by inheritance they are not destined 


to prolonged survival. The studies of 
Karl Pearson, E. C. Snow, F. S. Crum, 
Arne Fisher and others leave scarcely a 
doubt that this is what happens. A de- 
cline in the real infant mortality rate is 
always largely offset by a rise in the 
child mortality rate. 

The changes in the adult death-rates 
are also equivocal. Speaking broadly, it 
may be said that the tendency in recent 
decades has been toward a decline in 
adult deaths due to infectious diseases 
and an increase in adult deaths due to 
degenerative diseases. Both these trends 
seem to be continuing. The increase in 
the death-rate from diabetes has been 
much greater than any other. 

To bring about a decline in the death- 
rate from infectious diseases is, theoreti- 


eally, not very difficult. It involves such 
theoretically simple measures as the ex- 
termination of a certain species of mos- 
quito, or the destruction within the 
human body of a certain type of micro- 
organism. A continued gain in the war 
against such diseases might be expected 
for a long time to come although the 
evidence in the tuberculosis, 
which has 
ously than perhaps any other in the last 
half century, is not altogether reassur- 
ing. In any case, a point must eventu- 
ally be reached at which the gain will 
become small, or disappear. 

The conquest of the degenerative dis- 
eases is theoretically more difficult, for 
it can not be brought about by any 
shaple vaccination. It must be 
largely on a change in the living habits 
of the race, and it is not so easy to get 
a middle-aged business man to stop eat- 


Case of 


been combated more vigor- 


based 


ing and start exercising as it is to clear 
the hookworms out of his system and 
immunize him against diphtheria. Con- 
ditions appear to be getting worse rather 
than better, in respect to man’s biologi- 
eal habits. While such palliatives as 
insulin may relieve his sufferings they 
are, from an evolutionary point of view, 
merely palliatives. If they change the 
constitutional make-up of the race, it is 
likely not to be for the better, since the 
result is the survival and possible repro- 
duction of persons with weak resistance. 

The constitutional make-up is chang- 
ing in other ways, and it is undoubtedly 
changing for the worse. 

Longevity is well known to be inher- 
ited ; that is to say, a certain toughness 
of constitution is passed on from parent 
to offspring, which enables the survival 
of the individual even under relatively 
unfavorable circumstances. On _ the 
other hand, even the most favorable sur- 
roundings do not insure survival unless 
one has the constitution. This was well 
shown by A. Ploetz’s study of length of 
life among the royal and noble families 
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of Europe, where children have at least 
never lacked for food and medical atten- 
tion. There was a regular and close 
association between the parent’s length 
of life and the death-rate of his offspring. 

The gradual increase in length of life, 
in the course of evolution, has presum- 
ably been due, at least partly, to the 
fact that those who lived the longest 
(thereby showing their possession of un- 
usually good constitutions) also left the 
largest number of children to inherit 
and pass on these good constitutions. 
Karl Pearson first called attention to the 
correlation between fertility and longev- 
ity, which has since been corroborated 
by Alexander Graham Bell and others. 

The ‘‘small family system’’ has 
knocked the spokes out of this wheel of 
evolutionary progress. However great 
the benefits arising from voluntary par- 
enthood, it has often been pointed out 
that one racial effect is, under present 
conditions, disastrous. To diagram the 
problem, suppose that under the old dis- 
pensation a vigorous, long-lived couple 
had ten children, while a couple coming 
from defective stock, inheriting weak 
constitutions, and dying young, had only 
one. This is not so very far from what 
actually happened in many cases. Evi- 
dently people of sound stock would out- 
number people of weak stock ten to one 
in the succeeding generation; and the 
race thus evolved toward increased 
longevity. 

But under the present system, which 
tends to limit every family, no matter 
how sound the stock, when the priestesses 
of birth control warn all intelligent 
people against ‘‘ breeding like rabbits,’’ 
while economic and educational condi- 
tions make it easier not to breed at all, 
the situation is changed. The hypothet- 
ical weak couple probably still produces 
its one child; the strong couple produces 
not ten children, but perhaps two. Thus 
the strong outnumber the weak in the 
next generation, not ten to one, but only 


two to one; and the tendency is for the 
advantage of the strong to decrease 
steadily. 

In other words, the widespread and 
severe limitation of births in the better 
educated and economically successfy] 
part of the population results inevitably 
in a decrease, in each generation, of the 
average fitness of human constitution 
It is against this handicap that medical 
science must work, in attempting to pro- 
long life. While it gains new technical 
tools in each generation, it at the same 
time finds poorer material to work on. 
The proportion of people in the popula- 
tion with good constitutions becomes 
progressively smaller; at the same time 
the habits of life, which need the best of 
constitutions to withstand, constantly 
become more unfavorable as the progress 
of so-called civilization takes mankind 
farther and farther away from the en- 
vironment to which it is, biologically, 
still adapted. 

Simultaneously, the germinal constitu- 
tion of the race seems to be deteriorating 
through the multiplication of sublethal 
genetic mutations. Experimental breed- 
ing indicates that such mutations are 
occurring continually, though in small 
numbers, in any stock. Most of them 
are recessive, and in a state of nature 
they are probably eliminated almost as 
fast as they arise, through close inbreed- 
ing and stringent natural selection. 

In the human species, close inbreeding 
is almost a thing of the past, and the 
intensity of natural selection is some- 
what lessened. It is therefore impossible 
to prevent the dissemination of these in- 
jurious mutations. They make the race 
weaker in each generation, and appar- 
ently must continue to do so, for there 
is no prospect at present that medical 
science can ever succeed in touching 
them. 

Analyzed thus even superficially, the 
problem of longevity is so involved that 
it appears to me scarcely to justify the 
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optimism that is sometimes generated 
very easily in public health meetings. 

From the clinical point of view, much 
ean be done in individual cases to pro- 
long life. It is this point of view that 
seems to have been adopted by nearly 
all who have written on the subject 
lately. 

From the evolutionary point of view, 
the picture is not so simple. When the 
elinician’s success is in the field of in- 
fant mortality, it tends partly to coun- 
teract itself by a subsequent increase in 
child mortality ; and also to increase the 
average weakness of constitution of the 
adult population. This weakness is at 


the same time being increased in several 
other ways. 


Sooner than is anticipated, 
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the race may reach the position of equilib- 
rium, when the continuing progress of 
science will find its counterpoise in the 
continuing decline of inherent 
fitness. 

No matter how great one imagines the 
future progress of science to be, it is not 
likely altogether to abolish natural selee- 
tion, any more than Einstein’s revision 
of Newton’s laws of gravitation enabled 
his pupils to lift themselves by their own 
bootstraps. 

Until man becomes an angel, he will 
remain an animal and continue to repro- 
duce organically. It is, then, still open 
to question whether the average span of 
life can be greatly and permanently in- 
creased by any agency except eugenics. 


man’s 





THE GRASSHOPPER PLAGUE OF 1866 
IN KANSAS 


By Dr. WILEY BRITTON 


KANSAS CITY 


From the earliest recorded time, com- 
munities of the human race have been 
afflicted by different kinds of plagues, in 
some instances wiping out large popula- 
tions. 

In the first chapter of ‘‘The Iliad”’ 
there is a description of a plague that 
afflicted the Grecian army when it was 
on the point of sailing for Troy to open 
the Trojan war. 


Nine days throughout the camp his arrows flew. 


In that age of the world all plagues 
and disasters were charged to the leaders 
of the people disobeying some oracle, 
prophet or seer who claimed inspiration 


from the god of the nation and who was 
offended by the disobedience alleged. 

In Biblical times there is also men- 
tioned in several of the books of the Old 
Testament brief accounts of plagues, as 
‘There died of the plague 24,000.’’— 
Numbers xxv, 9. There is also men- 
tioned a plague of locusts in Egypt, 
which some writers have interpreted as 
the same kind of plague as our Kansas 
grasshoppers. 

The Kansas plague of grasshoppers 
was attributed by the leaders of religious 
thought at that time to the anger of the 
Christian Deity who sent it as a punish- 
ment for the sins of the people. These 
same leaders of religious thought, the 
dominant thought and influence up to 
recent times, have attributed all other 
plagues and disasters to the anger or 
displeasure of their Deity, who sent 
them as punishments of the communities 
for their sins of omission or commission. 

The priests or preachers of the time 
who claimed to be in touch with the 


Giver of all good things offered up pray 
ers for the abatement of the plagu: 
grasshoppers, but there was no abati 
ment until the hoppers had destroyed 
every living green thing out of doors ir 
a swath more than one hundred miles 
wide from the northwest to the southeast 
part of the state, and when they came to 
the western line of Missouri they com- 
menced weakening and fell upon 
earth, and scarcely a hopper passed thx 
eastern line of any of the western coun- 
ties of the state. 

It is certain, and remarks were made 
at the time, that the people of western 
Missouri did not suffer any serious effects 
from the plague like the people of Kan 
sas; yet no Kansan at that time would 
have admitted that Missourians were 
spiritually better than Kansans. 

In the evolution of intelligence and a 
broader view of the universe and man’s 
place in it, there is being developed a 
saner view of plagues and disasters of 
all kinds from floods, fires and accidents, 
and instead of charging them to an 
angry and offended Deity, men are turn- 
ing more and more to science for expla- 
nations. Many things that were once 
held to be due to an inscrutable power 
are now considered due to natural causes. 
In the last sixty years there has been a 
wonderful change in the views of men in 
regard to their relations to the univers 
and to each other. 

While we have good people among us 
who have not yet outgrown their anthro- 
pomorphie conceptions of the universe, 
many of them do not appear as certain 
of their positions as formerly. 
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Men of science have not only given 
satisfactory and rational explanations of 
the plagues and disasters which have not 
only from the dawn of history, but from 
pre-historie times, afflicted the human 
race, but they have in the most civilized 
countries for more than a generation 
been devising ways and means for fight- 
ing the agencies of these afflictions until 
the common man is beginning to depend 
more on their efforts for relief than on 
the prayers of the holy man. 

Suppose that a farmer’s hogs have 
been exposed to hog cholera; instead of 
going to his preacher to save them from 
the disease, he goes to the veterinarian 
and bacteriologist and secures a serum 
for their treatment; if his child has been 
bitten by a rabid dog, he goes to the 
hospital and asks for the Pasteur treat- 
ment to make it immune from the disease 
instead of folding his hands in prayer to 
await the result. We need not multiply 
instances of this kind; they are familiar 
to every one who stops to think of the 
changed situation. 

Every species of animal, bird, insect 
or parasite has its enemies, and science 
in the hands of patient investigators is 
now using species that are enemies of 
species that are enemies of man to attack 
and destroy his enemies. 

For four years there have been migra- 
tory hordes of grasshoppers from Argen- 
tina to Mexico, and wherever they have 
alighted destroyed everything edible in 
sight in an ineredibly short time. And 
like the Kansas grasshopper plague of 
1866, they come in such vast swarms, a 
seething living mass, that they dim the 
light of the sun for seconds at a time. 
But the problem of controlling their 
destructive visitations has not appeared 
too great for scientists to handle. They 
have found natural enemies of the grass- 
hopper; they have found a parasitic fly, 
a swift flying fly, that overtakes the 
grasshoppers and deposits maggots on 
their backs, and the maggots at once 
begin eating into the bodies of the grass- 


541 


hoppers and promise to check their 
migrations. 

This opens up an endless field of in- 
vestigation for scientists to find parasites 
harmless to man, but deadly enemies to 
his enemies. In his war on the enemies 
of man in recent times lurge or small, the 
scientists have been uniformly successful, 
either destroying the enemies or render- 
ing their attacks harmless 

So great has been the success of scien- 
tifie men in controlling or stamping out 
enemy attacks from the minutest para- 
site to animal migrations that the aver- 
age length of life of man in the civilized 
countries has almost doubled during the 
last century. 

A!most from the beginning of the war- 
fare of science against plagues and pests 
of human kind, there been bitter 
antagonism of good and devout men 
against the efforts of scientists to control 
or destroy the agencies of affliction sent 
by the offended priest of Apollo or the 
Christian Deity. 

We all know that in the early ef- 
forts of the followers of Dr. Jenner to 
stamp out smallpox by vaccination there 
was much opposition by those who be- 
lieved it was flying in the face of Provi- 
dence or a scheme to thwart the divine 
will. Indeed there has been decided 
opposition in some communities in recent 


has 


years to vaccination against smallpox on 
account of religious scruples, many be- 
lieving that it was sinful to oppose afflic- 
tions the Christian Deity was pleased to 
send. 

The writer was living at Fort Scott, 
Kansas, during the grasshopper plague 
in September, 1866, and observed it 
every day while it lasted. We had no- 
tice of the appearance of the pests in 
northwestern Kansas several days before 
the advance arrived at Fort Scott, and 
were prepared for the sight which no one 
then living had witnessed before. 

The first day the grasshoppers com- 
menced arriving only a few were seen 
alighting and hopping about on the 
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streets, but they increased in numbers 
for three or four days until the air was 
literally alive with them as far as the 
eyes could see, a seething, living mass 
that dimmed the light of the sun at in- 
tervals for seconds at a time. It was an 
impressive and interesting sight. 

After a week or so their flight gradu- 
ally decreased until the early days of 
October, when they were not noticed in 
flight, but the bare spaces of ground 
where they alighted were alive with 
them, and it was on these spaces where 
they deposited their eggs in countless 
thousands; in places they must have been 
two or three layers deep. In their nest- 
ing places on the ground they soon be- 
came inactive and dormant and paid Lit- 
tle attention to anything near them, and 
were picked up in large numbers by 
birds and other natural enemies. 

They were not noticeable in move- 
ments after the first freezing weather 


came, but in a short time after their 
arrival they had devoured all edible 
vegetation, as the gardens, wheat fields, 
green corn blades, and the foliage of the 


trees and shrubs. We had in our gar- 
den of about one hundred feet square 
some fine growing cabbage and they 
attacked them the first day, and by the 
evening of the second day they had 
stripped them, leaving only the bare 
stalks. 

The farmers in that part of the state 
generally sowed their wheat in Septem- 
ber and the hoppers attacked the plant 
as it came up, and not a field escaped 
destruction. 

They deposited their eggs in the 
ground in such large numbers that there 
was fear that when spring came with 
warm weather and they hatched out 
they would destroy the growing crops of 
corn, wheat and oats and all growing 
vegetation. 

The next spring, the latter part of 
May, the eggs commenced hatching, and 
in a few days they multiplied in count- 


THE SCIENTIFIC MONTHLY 


less numbers, hopping about everywhere 
but doing very little damage to gardens 
and vegetation and in the fields. This 
stage lasted until the early days of June. 
when they had developed wings and suf. 
ficient strength to enable them to fly, and 
it was asserted by many persons that on 
a given hour they were seized with a 
sudden impulse and rose en masse and 
flew away to the northwest, the direction 
from which the invasion had come the 
fall before. The writer does not vouch 
for the sudden impulse of the young 
hoppers, but he does know that their dis. 
appearance from that section was quite 
sudden, and that after their reported 
flight they were not further seen, to the 
great relief of everybody, for fear of 
the destruction of the growing crops was 
almost universally entertained by the 
people. 

Whether they had an instinct that 
caused them to migrate en masse like the 
wild passenger pigeon from southern 
Missouri in the early eighties we are not 
prepared to say. As an evidence of 
their sudden disappearance, it may be 
stated that no complaints were heard 
from the farmers of any damage to the 
growing crops of corn, wheat and oats 
that season. 

As to the origin of the migration in 
the latter part of the summer of 1866, it 
was the common report that it started 
far in the northwest in the foothills of 
the Rocky Mountains, and we heard 
almost daily of its progress southeast 
until they reached southeast Kansas 
where their flight practically ended. 

Since that time the all-seeing eye of 
the Government, through its agricultural! 
and health departments, has been on the 
lookout for all kinds of enemies of the 
farmer and of the people at large, and 
the moment one is reported, ascertain 
the facts and declare war on it, the Con- 
gress making adequate appropriations of 
money to carry on the war as vigorously 
as if the country were attacked by human 
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foes. Experiment stations were after- 
ward established in all the states and 
provided with laboratories with the 
latest technique for making investiga- 
tions complete under the eyes of experts 
in any given field of threatened danger. 

The latest appropriation made by the 
Congress of this kind is one of ten mil- 
lion dollars for fighting the corn borer, 
a European pest which has lately been 
introduced into this country and which 
was considered very difficult to attack 
effectively. 

How different to-day is the spirit of 
the people in meeting the attacks of 
nlagues, pests and disasters, in the home 
or on the farm, from what it was sixty 
years ago. It is interesting to one living 
now who witnessed the events of that 
time. 

Very little effort was made up to that 
time by the agricultural department, by 
the state or general government to ascer- 
tain the cause and source of migration 
of the grasshoppers, information which 
was essential before any plan could be 
undertaken for the control or destruc- 
tion of the pests. 

As previously stated, the leaders of 
religious thought, then the dominating 
influence in dealing with all kinds of 
disasters, pests and plagues, the enemies 
of mankind, advised the offering up of 
prayers to the Giver of all good things, 
to stay the devastation everywhere visi- 
ble, and of course the devastation was 
stayed when there was nothing further 
edible for the pests to destroy. 

No one seems to have thought any- 
thing about plagues of any kind being 
proper subjects for scientific investiga- 
tion, for at that time science had entered 
into very few fields of investigation 
along that line, vaccination against 
smallpox being the most prominent. 

Many Christian ministers preached 
against science and claimed that it fos- 
tered skepticism and unbelief in the 
scriptures. Those who believed in the 
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efficacy of prayer could claim victory of 
routing the evil one, for the cold winter 
had frozen the grasshoppers and the 
birds and other enemies devoured them 
so that they were no longer a menace to 
the community. While it was claimed 
that the plague was sent by an offended 
deity as a punishment for the sins of the 
people, no specific and flagrant sin was 
mentioned. 

The only discordant view about the 
matter was that the people of Kansas 
were a little sore at the deity for sin- 
gling them out for punishment, whereas 
the people of Missouri, notoriously hard- 
hearted and sinful, were permitted to 
escape punishment, for the moment the 
hoppers in their flight came to the west- 
ern line of Missouri they commenced to 
weaken and fell upon the ground para- 
lyzed, and scarcely any passed the east- 
ern line of the western counties of the 
state. 

Since the grasshopper plague of sixty 
years ago there has been a wonderful 
development of the scientific spirit 
among the leading nations of the civil- 
ized world, and the scientists have with 
one aceord rejected the view that the 
migrations of these destructive pests and 
the breaking out of many parasitic dis- 
eases are tokens of the displeasure of the 
deity who sends them as punishments for 
the sins of the people, but they hold that 
these scourges have been due to natural 
causes and by the aid of science may be 
prevented or controlled. 

The scientists of the present day not 
only reject the primitive ideas and ex- 
planations of the afflictions that have 
fallen upon large communities of our 
race in past ages, but they have under- 
taken to investigate their natural causes, 
and by careful and patient experimenta- 
tion have worked out the life-histories of 
many destructive parasites and devel- 
oped measures for their destruction or 
control. 
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We no longer fear outbreaks of yellow 
fever or of plagues like the black death 
plague of the fourteenth century that 
took a toll of more than fifty million 
lives of the countries of Europe and 
almost depopulated some of the large 
cities, and why? Because when a single 
ease of yellow fever has been discovered 
our health departments get busy and 
commence to clean up and to destroy the 
mosquito stegomyia fasciata in its breed- 
ing places in the ponds, lagoons and 
stagnant waters near human habitations, 
thus preventing the spread of the disease. 

If in a single ease plague appears and 
the parasite is properly identified, we at 
once commence destroying the rats car- 
rying the rat fleas whose bites of human 
beings inoculate them with bacillus pes- 
tis, the destructive parasite, thus pre- 
venting the outbreak of the plague. And 
so we might go on with an indefinite 
number of preventative and curative 
measures which have been worked out by 
scientists for the prevention and control 
of diseases that once afflicted large sec- 
tions of our race without any rational 
effort being made for the prevention or 
control of the afflicting agencies. 

Let us return for a moment to the 
consideration of migrations of flying in- 
sects, the feathered tribes and animals, 
large and small. We are all familiar 
with the seasonal migrations of fowl, as 
wild geese, brant and crane and of wild 
buffalo, due to climatic influences and in 
search of food. 

The pressure of populations on food 
supplies and failing food supplies have 
probably always been a potent factor in 
migrations of insects and animals, in- 
eluding the human species, sometimes 
aided by climatic influences. Nor have 
there been very long intervals of time 
between some kind of migrations in some 
part of the world. 

At the present time the attention of 
this country is focussed on the migration 
of mice in Kern County, California, and 


the destruction of grain and everything 
edible in the path of the millions upon 
millions of mice. From the latest ayai)- 
able reports the migration of the mice 
has already cost the people of the jn- 
vaded district more than half a millio; 
dollars, and it is impossible to estimate 
what it will cost before the plague 
been brought under control. The stat; 
and United States authorities have take; 
a hand in waging war for the destruc. 
tion of the mice, and the ways and means 
devised promise success. The deadly 
poison of strychnine laid about the al 
falfa planted areas where the mice wer 
feeding killed them by millions and 
seemed effective in exterminating them 
Cats and other enemies of the mice, 
turned loose among them, fled from t}y 
vast horde without attempting their 
slaughter. 

Field mice are not only incessant 
feeders on grain, root crops and vege- 
tables and other products of the farm, 


but they are prolific breeders. It has 
been estimated that the increase from a 
pair of field mice, if all breed and live, 
is more than a million individuals in a 


year. 
A mouse plague in parts of France 
has been so serious that the Pasteur 
Institute has been called upon for as. 
sistance to control it, and the institut: 
has been experimenting with a diseas’ 
that kills off the mice in three days. It 
is stated that grain should be soaked i: 
a solution containing the bacilli which 
causes the disease. When the mice eat 
the grain they soon take the disease and 
rapidly transfer it to others. This is 
probably the most effective control of th: 
plague that has been tried out. and may 
be extremely useful in fighting similar 
plagues in other parts of the world. 
There seems to be an increasing ten- 
dency of men of science, when they find 
a parasite doing great damage to anima! 
or vegetable life, to make every effort to 
find another parasite that is harmless to 
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such life, to attack and destroy the in- 
iurious ones. 
In their war on parasitic enemies of 
man the scientists have already aceom- 
plished much, but if they further suc- 
eeed in using harmless parasites, harm- 
less te the interests of man, to destroy 
deadly and injurious ones, they will 
have accomplished still greater wonders. 
The mouse plague in California 
could not probably have been abated by 
the people of the invaded territory with- 
out assistance from the outside, the state 
and the United States, and they prob- 
ably would have been obliged to abandon 
their homes had they not received such 
assistance. 
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We are 
realize the possibility, and even the prob- 
ability, that national 
peoples of past ages were due to attacks 


coming more and more to 


migrations of 


on their food supplies by enemies in the 
form of 
like the plague of 
which the people were unable to control. 


parasites or animals, 


California, 


insects, 


mouse 


Before the development of science as 
we know it, it must have been impossible 


for many peoples to have successfully 


met some of the plagues we have had to 
cope with in the memory of some of our 
oldest people, and famine or migration 
would seem to be the only course left to 
such afflicted peoples. 
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For the mind of man is drawn to those things to the chair of theoretical medicine , 
that are more difficult and more perfect, the Pisa To Pisa he owed his friendshi: 


things that minister to man’s need, and are ; h 1 Borelli 
held in high esteem. The years pass on, and with t e temperamental orelli, and to 
mind and body fail in strength. The way that Borelli his nearer acquaintance wit 


has been trodden seems vain, and a new road current problems of physics. After a 
to learning is sought. But the weariness of age few years in Pisa, during which | 
. - ’ ben) Al LIS 


ae this to scorn. At the end of me day a health was far from good, he accepted : 
ew stray fragments of knowledge are left, ; : rage : so scan 
tempest tossed and in wild disarray, and no the chair of medicine in the rapidl A 
man’s work is perfected. To me, most learned growing University of Messina at a sal- nigh 
colleagues, t confess that it has happened so. ary by no means slender for those days Bole 
In the burning heat of youth, I plunged into His stay at Messina has been called | 


the study of anatomy. Then as I was curious F 1+} leaal tod of hi 
about certain particular things I turned to the oster* the germinal period of his career 


study of the higher animals, intent on making For here it was during a time of con 
these matters plain. But no light came. And parative peace that there arose in 

I found that only by comparison with simpler mind those queries and theories, the at. 
forms could I make any headway. So I next , : - Te 
tried the insect world, and this too had its ‘¢™pted solution of which was destined pigh 
difficulties. And last of all I came to plants, t0 fill the rest of his career. Already at whet 
for I thought that if I mastered these, I might Messina his name as an original investi- easic 
retrace my steps upwards to the higher forms, gator had gone abroad, and he had beer sail 
and clear the path of my earliest studies. Nor invited to join the recently inaugurated te 
was this yet enough, for beyond the world of : = ’ from 
plants there lie in wait still simpler substances, Royal Society of London. Four years cine, 


minerals and elements. But this‘is a boundless later, while on a visit to his native cit) cour 
task and all too vast for my strength. he was claimed by the Medical Faculty to th 

of his Alma Mater, and was released by Robe 
Messina only with much protestation and read: 
regret. Leeu 
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Here the indomitable urge to know, 
the keynote of the career of Marcello 
Malpighi, which set him apart from his 
fellows as a leader of scientific thought I then arranged my domestic affairs 
and investigation in the seventeenth Bologna, and set to work in a frame of mind 
century. at the same time calm and keen. My time was 


Born on March 10. 1628. at Creval- absorbed by reading in the forenoons, and i prett 
’ y looking after my patients in the city and in the thing 


core, near Bologna, the son of well-to-do country. I attended dissections, and all t aie 
parents, Malpighi was educated in his time from an examination of the living a: aa 
native city. After a few years of lib- study of the dead, I tried to fathom the causes t - 

Y , n th 


eral education, at that time the study of °f disease. Meantime I kept up a constant 
intercourse with my friends, especially thos mist 


philosophy, he entered the university a8 ¢.5 abroad who happened to be passing hs 
a student of medicine. There he at once through Bologna . . . and in discussion I tried ve 

came to the fore, and was a notable mem- to learn more of anatomy and of the remedies ~s 
ber of Massari’s group of nine. On _ for disease. . ae 
graduation he practiced and taught for 1 Foster, Sir M. ‘‘Lectures on the history tmein 
a couple of years, until his appointment of physiology,’’ 1901. of Ks 
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This last remark is characteristic of 
the unassuming simplicity of the already 
famous scientist. 

Brilliantly successful and smooth on 
the surface as Malpighi’s academic life 
appeared, yet it was not without its un- 
toward happenings. Frail health con- 
stantly hampered his activities, and the 
life-long vendetta of the Sbaraglia fam- 
ily, also resident in Bologna, was a con- 
stant source of strain. The latter indeed 
considered it perfectly fitting to molest 
and to terrorize the aged professor and 
his wife when they were living with but 
scant attendance in the country. 

At the age of sixty-four years, Mal- 
pighi was uprooted from his beloved 
Bologna and was summoned to Rome as 
papal physician to Innocent XII, which 
position he held until his death three 
years later, in 1694. 

From the incessant demands of the 
dual life of physician and teacher, Mal- 


pighi was wont to retreat to the country 
whenever possible, passing the time oc- 
easionally with friends, but for the most 


part in his own home. There ‘‘freed 
from the troublesome practice of medi- 
cine,’’ he could enjoy the ‘‘peace of the 
country’’ and meantime devote himself 
to the recently invented microscope. To 
Robert Hooke the microscope had al- 
ready revealed the structure of cork, to 
Leeuwenhoek animalcules many and 
various. Naturalists both were these, 
diseursive in their interests and observa- 
tions. The microscope was in sooth a 
pretty toy, and there were very many 
things to be seen in the world at once 
curious and delightful, if, be it con- 
fessed, at times a trifle disconcerting. 
In the hands of Malpighi, trained anato- 
mist and physician, the microscope with 
its ever-increasing intensity of vision, 
became at once an instrument instinct 
with power. 

In the seventeenth century, an age of 
incipient realism in science, the authority 
of the written word was early doomed. 
To see with the bodily eye was to believe, 


MALPIGHI DAT 
and the comfortable faith of an earlier 
day in the world of spirits, natural, ani- 
mal and vital, passed straightway into a 
slow decline. 

In no field of science was the turn of 
the tide more manifest than in the theory 
and practice of medicine. The circula- 
tion of the blood, enunciated clearly, and 
for the first time proved by Harvey, was 
further corroborated and supplied with 
an accurate physical foundation by Mal- 
pighi’s discovery of the capillaries. Nu- 
trition, respiration, excretion and repro- 
duction, in short all the functions of the 
body, can only be considered in reference 
to the circulation of the blood. Thus a 
new trend was given to current medical 
thought. Ferments luckily there still 
were in plenty to serve as the ever useful 
unknown quantities responsible for the 
specific functioning of individual organs. 
Ferments and the process of fermenta- 
tion, the latter akin perhaps to the bub- 
bling of fermenting wine, or again per- 
haps to the chemical exuberance of inter- 
acting acid and chalk, served their day 
and generation, until, on meeting the 
nemesis of a subtler chemistry, they 
passed along, even as their more spir- 
itual forebears, to the limbo of concepts 
forgotten. 

While these same ferments were play- 
ing their part on the scientific stage, 
muscle fibers and nerves, veins and ar- 
teries, capillaries, glands and their ducts, 
lvmph vessels and lacteals, with the aid 
of scalpel and lens were being distin- 
guished each from each, and anent their 
exact function many theories arose. 

It is not within the scope of this paper, 
however, to discuss the work of Malpighi, 
physiologist, anatomist and histologist. 
Primarily physician, as we must perforce 
acknowledge him to be, yet nothing, we 
find, is beyond the curiosity of Malpighi, 
biologist. The Royal Society in the fever 
of its youth is interested in receiving 
communications on all possible subjects 
of scientific interest, and Malpighi is 
numbered among their untiring corre- 
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spondents. And the work of his hand 
and brain is not ‘‘of the stuff that dreams 
are made of.’’ A multitude of careful 
diagrams and a wealth of experimental 
detail give to his scientific foes data suf- 
ficient to repeat his work and thereby to 
corroborate or to refute his statements. 
And so we find him discussing now the 
structure of the lungs and the nature of 
blood, now the viscera of the higher and 
lower animals and the histology of glands 
end bones and teeth. He enquires into 
the sense of taste and of touch and the 
nature of the grey matter of the brain. 
The anatomy of the silkworm is one of 
his earliest studies and the firefly at a 
later date excites his wondering admira- 
tion. And ever and anon he busies him- 
self with the nature of plants, their 
structure and economy, their growth and 
reproduction, the ‘‘seeds’’ of lichens and 
mosses and ferns, the habits of parasites 
and climbing plants, the marvelously 
curious insect galls and the disturbances 
they cause in the norma! nutrition of the 
plant. Nor must we forget Malpighi’s 
contribution to the foundation of embry- 
ology, a detailed account of the develop- 
ment of the chick. 

It is during his stay at Messina appar- 
ently that his interest in the structure of 
plants is thoroughly aroused. The 
breathing of insects is accomplished by 
means of slender tubes, exact miniatures 
of the windpipes of the higher animal 
and hence called tracheae. What can be 
more significant than the fact that, in a 
chestnut twig there are visible these very 
same tracheae? And the rest of the plant 
body, what of that? Where are the 
counterparts of animal viscera and re- 
productive organs? 

Throughout the whole of Malpighi’s 
botany there is working the mind of the 
biologist, secure in the belief that all liv- 
ing things are similar in their function- 
ing, and that in plants and animals, 
therefore, there are to be discerned 
equivalent structures. A zeal for pretty 
comparisons here carries Malpighi some- 


as in his account of the structure of ; 
seed. But microscopes in those days 

it remembered, though perhaps s 
eighteen inches high, were not necessa; 
accurate in proportion to their stature. 

Dissection and maceration had ace 
plished much towards an understanding 
of animal structure. To dissection a) 
maceration, therefore, Malpighi turns { 
the elucidation of plant anatomy. \ 
croscopie sections, transverse, longity 
dinal radial and longitudinal tangentj,! 
are made ‘‘with rude _ instruments 
enough,’’ and in the case of certain sue- 
culent plants, e.g., the cactus Opuntia 
the method cf maceration is invoked. N 
part of the plant is spared. Stem, | 
root, bud, flower, seed, seedling and in. 
sect gall, all fall in turn to the dissecting 
blade. ‘‘Nature in building the world 
plants is not confined to the use of on 
scheme only, but underlying her work as 
a whole there runs a certain thread 
uniformity.’’ 

So we read as we go on to consider 
the structure of the plant shoot. Fu: 
ther in particular regard to the stem 
the vine: 

A stem consists of two parts, cortex, 
wood. (To Malpighi the cortex is that 
of the stem outside the woody cylinder, 
cluding to-day epidermis and cork, cortex, enc 
dermis and pericycle, phloem and cambiun 
In a vine stem a few months old ther 
present a wide cortex, the outer cells of w 
have decayed and dried, thus forming 
epidermis. The cortical cells vary in shap 
Within the cortex there occur various fibrous 
strands (bast fibers) . . . which strands anas 
tomosing, are seen in longitudinal sectior 
form a net. The meshes of this net are filled 
with horizontal rows of cells (medullary rays 


while the strands themselves are made up 
woody fibers . . . very closely packed together 
Within the cortex lies the woody part of t 
stem. There penetrates this the said (medu! 
lary) rays. Some of these reach the 
others fall short of it. The cells of the pith 
resemble those of the cortex, but may be larger 
in size. The woody part of the stem consirts 
of a ring of wedge-shaped (vascular) bundles 
separated by (medullary) rays, the apex of the 
wedges pointing towards the center of the stem 
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Tracheae (spiral vessels) of varying diameter, 
heavily surrounded by woody fibers, ... along 
with the intercalary (medullary) rays, are the 
elements which make up the wood. .. . I was 
unable in the vine to see any laticiferous 


vessels. 


The parenchyma of the stem consists 
of ‘‘small sacklets or utricles, spherical 
or oval in shape, thin-walled and filled 
with diaphanous sap.’’ 

The ‘‘woody fibers’’ (of wood and 
bast) are elongated tubes of varying 
diameter, whose direction is not strictly 
vertical, and which open into each other. 

The ‘‘inner cortex’’ (1.¢e., the zone im- 
mediately external to the woody cylinder, 
therefore in the normal position of the 
ecambium) is the most important part of 
the stem, because in it secondary thick- 
ening with the formation of annual rings 
takes place. The young wood is at first 
soft in texture, but with the inflow of 
sap it becomes hard. 

The ‘‘tracheae’’ or ‘‘spiral vessels’ 
resemble closely the breathing tubes seen 
in insects, but in place of the rings in 
these tubes, ‘‘the inner surface of the 
vessel is roughened by a silvery spiral 
ribbon. When a stem is broken across 
this ribbon may be drawn out, and if this 
happens in spring to a young green twig, 
then a peristaltic movement in it may be 
observed, and this is a pretty sight. Per- 
haps the movement of the sensitive plant 
may be due to this capacity.’’ 

Of such elements, then, is the plant 
built up, elements which recur in leaf, 
root, flower, bud and seed. To Malpighi, 
however, anatomy is not an end in itself, 
but merely a road that may lead towards 
an understanding of physiology, whether 
of plant or animal. 

‘‘Sinee plants are placed in the num- 
ber of living things which feed and grow 
and beget their kind, their life is as the 
life of animals. Alike in purpose as in 
function, nature has endowed both with 
similar structures.’ 

“‘In the higher animals new food en- 
ters the veins in the form of chyle. Here 


? 


MALPIGHI 049 
it mingles with the ferments, the lymph 
and other substances of the old blood, 
and in the blood stream it circulates un- 
ceasingly throughout the various parts 
of the body. It is thence recollected, and 
enriched by the ferments it has acquired, 
enables the animal functions of nutrition 
and excretion to be carried on.”’ 

Turning to the plant Malpighi notes 
that it consists of roots and shoot. The 
roots are buried in the soil, and by the 
roots a crude sap is absorbed. The roots, 
therefore, in the lap of the soil, are the 
viscera of the plant. 


From the roots the crude sap is conveyed in 
the woody vessels to the shoot. In the (paren- 
chyma) cells. of stem (and leaves) it is mingled 
with the crude sap already present, and becomes 
exalted to the nature of a ferment-like sub 
stance. The of fermentation is 
assisted not a little by the heat of the outer 
air... . The elaborated sap may either be re- 
tained in the (parenchyma) cells of the shoot, 
ready for the future development of buds and 
leaves, or it may pass down to the roots,... 
as it does in the case of those plants which 
are possessed of bulbs. 


process 


The absorption of crude sap by the 
roots and its elaboration in the shoot are 
then, according to Malpighi, the essen- 


tials of plant nutrition. That this manu- 
facture of food is carried on in the green 
cells only, is the discovery of a later day. 

From a consideration of structure Mal- 
pighi reaches the conclusion that, while 
food elaboration is vastly important, it 
is not, however, the sole function of the 
leaf. 


To what parts of an animal do the leaves 
correspond? . . . obviously not to the muscles, 
since plants do not move from place to place. 

. Nor to the entrails, since the alimentary 
canal deals with chyle preparation, a function 
of the plant roots in the lap of the earth. 

. possibly then to the skin? For the 
animal skin is a of nerves and veins 
and arteries, lymph vessels, tendons and glands, 
a tissue permeated by nutritive sap. ... This 
sap, through the glands, gets rid of waste mate- 
rial, and meantime also acquires new ferments. 
From the skin it returns to nourish the inward 
parts of the body. 


tissue 
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The leaf is a tissue of tracheae and fibers 
and special canals, and on the surface, there 
are glands in abundance and also hairs. The 
whole is suffused with nutritive sap. ... From 
the glands and the hairs there escapes the waste 
of sweat and slow humors. . . . Thus purified, 
the thorough cooking of the liquid makes it a 
more perfect food. 


A further analogy between leaf and 
skin is seen by Malpighi in the lower ani- 
mals. Insects, for instance, during 
growth, frequently shed their skin. This 
is paralleled in trees by the annual fall 
of withered and useless leaves. 

The means by which water enters the 
root, and once admitted, how it mounts 
to the tip of the highest tree, are intri- 
cate problems then as now. 


The roots of the plant are buried in the soil 
and serve for anchorage and absorption. They 
branch repeatedly and end in fine capillaries. 
The youngest roots are covered with a fur of 
soft root hairs to which soil particles adhere 
very closely. ... / As water percolates through 
the soil, the salts in the soil are dissolved. 
. . » How these liquids are absorbed is still in 
doubt. Where are the gates or open mouths 
through which the rising liquid is strained? 
- . - Perhaps the root hairs, very delicate open 
tubules, pass the fluid inward to the woody 
fibers, or perhaps, when root hairs are absent, 
water is absorbed by the skin, and passed thence 
to the underlying cells. ... 


Changing temperature, with ensuing 
rarefaction and condensation of the air 
causing intermittent pulsation, . . . is 
mentioned as one of the factors in the 
ascent of sap and the roughness of the 
inner surface of the vessels is also con- 
sidered as of interest in this connection. 

All living things breathe, insects by 
tracheae, likewise plants. To what end 
this apparently indispensable respira- 
tion? 

So necessary is respiration to life that nature 
has endowed all orders of creatures with instru- 
ments called lungs. Analogous as are these 
organs, yet they are not wholly alike. ... For 
in these animals which we term ‘‘higher,’’ the 
lung capacity is less than it is in the ‘‘lower’’ 
forms. Man, for instance, in common with 
other quadrupeds, has two lungs, through 


which the blood is constantly streaming. In 
birds the abdominal cavity functions also in 


addition. With regard to fish, nature is equally 
industrious, for they are furnished with many 
rows of gills... . Nor are there lungs wanting 
in shellfish and crustaceans, and here they ay 
often seen to be bigger than the rest of th 
animal’s body. In the latter, of course, respira. 
tion is carried on in the water. . . . Com ng 
now to insects, still lower in the scale, we see 
that the surface of the lung far exceeds that of 
all the other parts. In butterflies, for instance. 
I have made out eight or ten lungs which ar 
not, as in us and other air-breathing animals 
confined to their proper cavity, but are in t 
form of long winding tracheae, . . . which 
ramify like blood vessels in every part of the 
body. . . . These lungs, present throughout t 
whole kingdom of living things, are bathed 
within and without by various fluids. From 
these they extract the fundamental essence of 
life. This is furnished to us and to the rest of 
the higher terrestrial animals, also to the in 
sects, by the air. . .. Fish, crustaceans and 
other water things extract this breathing s 
stance from the water. . 

Now since plants are lower than the least 
the animals, . . . therefore in them is seer 
lavish development of tracheae, . . . penetrating 
all the minutest parts of the plant, with the 
exception of the cortex. 

We may assume from this that plants, living 
organisms with their viscera fixed in the ground 
must here obtain the material for their respir 
tion, or rather from the air and water that is 
percolating therein, ... and that their trachea 
are thus filled with the breath of the soil. ... 
In regard then to the lungs of the plant,... 
it is probable that the woody fibers, which cling 
like ivy to the tracheae, and perhaps also t 
cells of the (medullary) rays, receive the essen 
tial breath from the tracheae. .. . 

Air openings (stomata) in leaf and corte 
I have searched for long and diligently, but 
without success. 


The significance of the lenticels whic! 
he describes in the stem of the elm, is 
apparently not understood by Malpighi 


I can not clearly understand the meaning of 


respiration, unless it be that in it is liberated 
an active substance which serves to keep the 
sap in a continuous state of solution and fer- 
mentation (a condition necessary for growth 
This office in animals is effected through the 
circulation of the blood. ... At the same time 
the precipitation of the various salts present 
in the plant vessels is prevented. . . . Since 
breathing is as necessary for the plant as for 
the animal, the gardener works the soil around 


the plant roots that air may be admitted. 


Nor is it only in nutrition, excretion 
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and respiration that analogies are sought 
for in the world of living things. In 
regard to reproduction we read that 


To the animal world nature has given two 
sexes. One of these produces the ovum and the 
yolk. The other discharges a substance which 
may contain some active principle, which deter- 
mines the growth of the embryonic parts, and 
as if magnetically, controls the direction of 
their development. 


In plants, however, the case is some- 
what different. 


For here there is less specialization of organs, 
and the essential elements of the whole are 
present in each smallest part, so that any 
branch which is cut off, may give rise to a 
new plant. . . . As an alternative method. of 
reproduction, nature, in the guise of seeds, may 
bring forth deciduous and miniature plantlets. 
... These may be regarded as pendulous and 
deciduous buds, capable of germination in a new 
ground. 

The plant egg or ovum is concealed in the 
uterus (ovary) surrounded by stamens 
and a floral envelope. Aeration of the egg 
may be facilitated by the hollowness of the 
tube (stigma and style) ... and the entrance 
of noxious insects may be prevented by the 
secretion of a sticky fluid. . . . In this fluid 
are excreted also the impurities of the sap. 
The pollen dust is likewise a mere excretion, 
... prior to the maturation of the ovum, . 
and may be compared perhaps to the menstrual 
discharges of women... . The floral leaves may 
function in the elaboration of food for the 
ovum, just as do the vegetative leaves in the 
ease of the axillary buds. 


Meantime in Tiibingen Camerarius is 
engrossed in the problem of the sex of 
plants. 


In the almond as the uterus (ovary) in- 
creases in size, the perforated tube (stigma and 
style) gradually withers. . .. Within the uterus 
are at most two ovules (complete with integu- 
ment and nucellus) in the center of which lies 
the embryo sac. . . . Growth in the ovule is ac- 
companied by a hardening of the fruit wall. 
Within the ovule Malpighi now discerns amnion 
and umbilical cord. The former as we describe 
it to-day is apparently the beginning of embryo 
and endosperm, while the latter, a slender 
thread, is what remains of the embryo sac.? 
Soon the embryo becomes a distinct plantlet 
with two cotyledons, and grows at the expense 
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of the amnion and the now developed chorion 
(endosperm and nucellus probably).’ Food is 
conveyed to the plantlet for a time through 
the umbilical cord. In certain ovules, however, 
this is absent, or temporary only in appearance, 
and in these cases food is transferred from 
chorion to amnion and thence to the embryo 
cotyledons and thereafter to the developing 
shoot. 


**But the development of the plantlet 
from the ovum seems still to be one of 
nature’s secrets.’” And Camerarius’s 
contribution to the knowledge of this 
question only appears after Malpighi’s 
death in 1694, 

Notwithstanding the somewhat far- 
flung analogies of Malpighi in regard to 
seed development, in his experimental 
work on the germination and subsequent 
growth of the seed, his feet remain, for 
the most part, firmly fixed on the ground. 
His experiments with varying culture 
solutions, many of them drastic in con- 
tent, are less illuminating. 

In animal physiology at this time, as 
has been already said, interest centers 
chiefly around circulation and the conse- 
quent nutrition of the body. That Mal- 
pighi, in his consideration of the physi- 
ology of the plant, should follow along a 
similar line, appears therefore to be per- 
fectly logical. Circulation, nutrition, ex- 
cretion, respiration and reproduction are 
functions closely interrelated, answers to 
some of the riddles of which may be 
sought perhaps in the development of the 
seedling, 

The seeds of various plants, including 
Lupin, broad bean, castor bean, radish 
and many others, are planted in a suit- 
able soil, watered and tended and ob- 
served with the utmost care from day to 
day. The function of cotyledons in the 
plantlet’s economy is to Malpighi the 
mainspring of the problem of growth. 
He therefore amputates one or more coty- 
ledons at earlier and later stages of seed- 


2.3 Marcellus Malpighi, ‘‘Die Anatomie der 
Pflanzen.’’ I und II Theil. 1675 und 1673, 
bearbeitet von M. Mobius. (Ostwald’s Klassiker 


der exakten Wissenschaften, Nr. 120). 
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ling deveiopment and notes the results. 
The loss of both cotyledons immediately 
brings about the death of the seedling. 
If one cotyledon is allowed to remain, 
the young plant may slowly achieve a 
stunted and unhealthy growth. From 
these early experiments Malpighi con- 
cludes that the seminal leaves of the seed- 
ling are necessary for the early nutri- 
tion of the plant. 


Water as a substance is inert, but in the soil 
it dissolves certain salts, similar te those found 
in the plant, ... and acts as a vehicle for them. 
The water then which enters the seminal leaves 
(from the roots) is not simple and pure, but 
contains salts both volatile and nitrous... . 
A hardened sap lies stagnant in the seminal 
leaves . . . aqueous particles now enter, and 
with the salts they bring ... yield a mixture 
which becomes the sap proper for the develop- 
ment of seedling and root. 


This point of view runs counter to the 
opinions of Malpighi’s former colleague, 
Borelli, and also to those of Trium- 
phettus, a most persistent, if not always 
Malpighi 


a particularly astute, critic. 
at once sets about to defend, and by 


further experiment, to reconfirm his 
theory. Borelli, relying on animal ana!- 
ogy, objects to the whole idea of food 
elaboration. Since plants have no means 
of excreting waste, he maintains that 
they must absorb their nourishment pure 
and perfectly prepared for their use. 
Triumphettus points out that the wound- 
ing and the consequent escape of sap 
may be the cause of the unsuccessful 
growth of mutilated seedlings, and men- 
tions further the interesting fact that, 
if the wounds are sealed with wax or 
were covered with earth, the experimen- 
tal plants will sueceed perfectly. 
Malpighi is not entirely convinced. 


I confess that after reading this (Trium- 
phettus’ letter) I was for long in serious doubt 
until, when the opportunity came along, I re- 
peated the experiments, with the wax sealing 
used by Triumphettus; then I became certain 
that he was mistaken, and that the seminal 
leaves are really necessary to the seedling’s 
growth. 


So we find that in the early spring of 
1685 Malpighi makes a long series o; 
careful experiments. These he repeats 
and more fully in 1687, keeping a daily 
record of the plant’s growth. Thus of 
the castor bean, we read: 


After the fifth day the seedling was longer 
and larger, and the decaying cortex (seed coat 
was still sticking to the seedling. The root was 
already thicker, ... and beyond the root hair 
zone were seen the beginnings of secondary 
roots. ... The plantlet within was develo; ng 
thicker and wider leaves, yellowish in color, in 
which the veins were distinct. . . . The plantlet 
could easily be separated from the placenta 
(endosperm). . . . After the eighth day t! 
leaves, now a thumb’s breadth wide, have 
folded, and are green in color. . . . Between 
these lies the bud, made up of compact foliage 
leaves... . and so through the month growth 
continued, the number of nodes increasing. .. , 


The results obtained once more con- 
firm Malpighi in his theory of the fune- 
tion of the cotyledons. 

Plant nutrition, then, in its widest 
sense, depending on an understanding of 
plant anatomy, and on experimentation, 
is the main theme of Malpighi’s work. 
But the controversy of the day does not 
by any means run along in a single chan- 
nel. The question of the fixity of spe- 
cies is raised by Triumphettus, who main- 
tains that wheat of its own accord has 
been known to change into tares. Mal- 
pighi is unable himself to observe such 
a metamorphosis but indicates the range 
of possible variation within a single spe- 
cies, from his observations of the be- 
havior of plants in cultivation and 
also of certain monstrosities presumably 
caused by disease. 

That all plants arise from preexisting 
seeds Malpighi firmly believes, but man) 
people are of the opinion that the earth 
from its own substance ean bring forth 
living things. So we find Malpighi prov- 
ing by experiment, to his own entire sat- 
isfaction, that this theory of spontane- 
ous generation is an unsubstantial myth. 
No living plant is produced from soil 





MARCELLO 


alone, soil taken from a distance below 
the surface, enclosed and protected from 
wind-blown seeds in a covered glass vial, 
even when this earth is watered and kept 
at a suitable temperature. 

Some who delight in the theory of pre- 
formation are courteously advised by 
Malpighi to turn to the microscope, and 
with an open and unbiased mind to de- 
yote themselves to a study of the tissues 
of the embryo plant. Is not the human 
embryo in its earliest stages, though seen 
to be utterly devoid of bone and muscle 
and many other parts, nevertheless the 
essence of man? 

And all this work on plants is the 
hobby of a doctor of medicine, of one 
who, in research along his own profes- 
sional line, has made some of the most 
far-reaching discoveries in the history of 
physiology. 

The work of a man unaccustomed to the study 
of botany, as he modestly remarks in his all too 
brief autobiography, a man distracted by other 
work, whose peace was broken by the more 
serious charge of attending the sick ...a work 
undertaken not that it might throw open new 
fields of learning . . . but that it might serve 
to soothe the weariness of a physician’s life. 


That it is, however, of importance to 
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science as a whole, Malpighi does not 
for a moment doubt. In his latest writ- 
ings we find him descending heavily on 
those practical medical men who scoff at 
the folly of a non-utilitarian research. 
‘*Does then medicine in its theory and 
practice owe nothing at all to the world 
of plants?’’ 

There are many points in Malpighi’s 
scheme of things and in that of his En- 
glish compeer and contemporary, Nehe- 
miah Grew, which the veriest tyro in a 
school of botany to-day can glibly criti- 
cize and summarily refute. But this 
fact in nowise lessens the greatness of 
Malpighi’s work. The cycle of absorp- 
tion, food elaboration and excretion re- 
mains a cycle, and respiration is still a 
necessity of life. Meantime the essentials 
of plant reproduction have emerged 
somewhat from the void of the unknown. 
Between animal and plant there is still a 
fundamental likeness, for the ‘‘diapha- 


nous sap of the thin-walled utricles,’’ is 
the parent of the living protoplasm, and 
we are looking, from a distance of three 
hundred years, not at a filigree of ex- 
quisite detail but at the vivid and fear- 
less lines of an artist’s earliest sketch. 





CONSTANTINE RAFINESQUE 


By EARL L. W. HECK 


‘‘Time renders justice to all at last.’’ 
These were the last words of ‘‘one of the 
strangest figures that has ever appeared 
in the annals of science,’’ as David Starr 
Jordan once said. They were the words 
of an optimist; one of those who never 
acknowledge defeat, though for many 
years his name was buried in oblivion. 
He uttered these last words in 1840, but 
it was not until fifty years later that the 
truth of his prophecy seemed apparent. 

It is rare that a great scholar and an 
ardent pioneer are united together in 
one person. When the qualities of two 
such admirable individualities are so 
combined in the same, no less than a 
remarkable personage can be expected to 
result, even though that result be of 
somewhat negative nature. Such was the 
ease of Constantine Smaltz Rafinesque, 
‘fan extraordinary man, with a quaint 
name and with most unusual parent- 
age.’’ His father was Franko-Turkish ; 
his mother, a Miss Smaltz, was Greco- 
German; the son, born on the shores of 
the Bosphorus, became an American pro- 
fessor in the oldest college in the then 
western wilderness. His father was a 
French merchant, engaging in business 
in Constantinople, in which city the son 
was born and after which he presumably 
was named. 

Young Constantine did not, however, 
live long in the city of his birth, but dur- 
ing infancy returned to the city of his 
forefathers, Marseilles. His father must 
have been a man of considerable prop- 
erty, for we find Rafinesque saying in 
one of his publications that ‘‘he first 
became conscious of his existence in one 
of the summer places around Mar- 
seilles.’’ Here he was educated, perhaps 
informally, as he later writes, ‘‘It was 


here among the flowers and fruits that | 
began to enjoy life, and I became a bot- 
anist. Afterwards the first book that | 
received in school was a book on animals. 
and I became a zoologist and a natural- 
ist.”’ He undoubtedly was a highly 
precocious child and the reason for his 
early downfall may be attributed to ; 
too rapid development of his intellec- 
tual powers. Rafinesque’s later love of 
travel came naturally to him, as his 
family seems constantly to be on tl! 
move at frequent intervals between Mar 
seilles and the Mediterranean ports 
Thus young Rafinesque delightfully 
spent his boyhood. At the age of eleven 
he had started an herbarium. At a: 
early age he read books of Latin and 
Greek and at times the more entertaining 
**Narratives of Captain Cook.’’ ‘I 
never was in a regular college,’’ hi 
writes, ‘‘nor lost my time on dead lan- 
guages, but I spent it in reading alone, 
and by reading ten times more than is 
taught in schools. I have undertaken t 
read the Latin and Greek, as well as 
Hebrew, Sanskrit and Chinese and fift) 
other languages, as I felt the need or 
inclination to study them.’’ This i 
Rafinesque in brief; a man a century 
ahead of his time; yet a trace of th 
Middle Ages lingers in his strange 
scholasticism. 

But the delightful life between the 
pleasant gardens of an old Frenc! 
chateau and Mediterranean cruises to 
well-nigh enchanted isles was not to last 
forever. France was at war with Georg 
III.’s powerful navy and the British 
cruisers did not make it profitable for 
the elder Rafinesque’s ships. As a con- 
sequence, the family came to America— 
to Philadelphia. That was a year or so 


ea 


554 





CONSTANTINE 


before the great epidemic of yellow fever 
in 1793. The father perished in that 
great pestilence, and the family was left 
friendless in a new country. The estate 
was settled and after all the debts were 
paid, the family was left in straitened 
circumstances. 

Rafinesque had early learned to like 
travel. With travel he associated being 
a merchant. But to be a merchant, as 
Rafinesque conceived it, required capital 
and that he did not have, so he decided 
not to be a merchant. 

Soon after his father’s death he made 
the acquaintance of the great Dr. Ben- 
jamin Rush, of Philadelphia, who re- 
vived his interest in natural history. 
The two found each other’s company 
congenial. But in 1803 Philadelphia 
was again ravaged by the yellow fever 
and Dr. Rush returns to his patients, 
and Rafinesque departs for the open 
spaces. The next year or two he spends 
his time tramping over the hillsides of 


Pennsylvania and Maryland, collecting 


flowers, rocks and fossil specimens. 
Returning to Philadelphia he meets two 
families destined to play a part in his 
later life—the Cliffords and the Taras- 
con brothers, Marseilles merchants, who 
later settle at Louisville, Kentucky. 
During the winter he held a clerkship 
in a mercantile firm, but in 1804 he re- 
signs that post in favor of a younger 
brother and becomes secretary to a Mr. 
Gernon. But the call of distant lands 
and hopes of finding new plants were too 
strong for Rafinesque and in 1805 he sets 
sail for Sicily, accompanied by his 
brother, whom he says in his journal 
“‘would follow.’’ This brings out an- 
other strange but important character- 
istic in Rafinesque’s personality. His 
brother apparently meant little to him, 
although this brother seemed devoted to 
him. Rafinesque seldom mentions him 
thereafter. Plants and animals he was 
interested in and not brothers. 

At the age of twenty-two he enters 
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Sicily. There is something of the poet 
and more of the human being when he 
speaks of the Sicilian mountain splendor. 
‘“‘The mountains were smiling with 
flowers and verdue; they invited me to 
climb over them.’’ 

It was here in Sicily that the young 
naturalist did his best scientific work; 
but his energetic enthusiasm was coun 
terbalaneed by his careless methods of 
work. He was explosive and he got 
results. But alas too often were his 
results hastily and inaccurately drawn. 

Various accounts differ as to Rafin- 
esque and marriage. Professor David 
Starr Jordan, in an article published in 
the Popular Science Monthly for 1885, 
says that he can find no record of any 
woman, save his mother and sister, as 
being connected with Rafinesque’s life. 
Call, however, states that in his will 
Rafinesque writes: ‘‘While residing in 
Sicily I deemed myself lawfully married 

although the decrees of the Council 
of Trent forbade our regular marriage.’’ 
Two children, it appears, were born of 
this union, a daughter in 1811 and a son 
in 1814. The son died the following year 
and the daughter is never mentioned 
thereafter except in the will. Whether 
Rafinesque eventually abandoned his 
wife and child altogether we can not say, 
but it is probable they would never con- 
sent to share his subsequent wanderings. 
The flowers of the field and the fishes of 
the waters again called Rafinesque and 
he leaves his lovemaking forever to re- 
turn to the life he prefers. But if 
Rafinesque errs one way it seems his wife 
errs in another, because it is reported 
she marries again when she hears of her 
husband’s shipwreck. In his will he 
definitely states that in order to inherit 
his small property his daughter must 
separate from her mother. This is all 
we know about Rafinesque’s. domestic 
life, and it is perhaps just as well that 
we know no more. 

Rafinesque was somewhat successful 
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financially in Sicily; ‘‘by trading in the 
products of the island, I made my per- 
sonal fortune.’’ But he spent the 
greater part of his ten years in Sicily 
collecting botanical and zoological speci- 
mens, and the extent of his collections 
must have been enormous. In 1815 the 
wild shores of America again enticed 
Rafinesque to them; this time to stay. 
But it was with ill omens that he en- 
tered, cold, penniless and almost clothe- 
less at New London, after suffering ship- 
wreck at the entrance to New York 
harbor. This disaster had a strange 
effect on Rafinesque. We might judge 
from his earlier life that he would have 
considered this event as of no conse- 
quence. If he would have lost only his 
money and clothes it would have been 
different. But his collection of natural 
history of twenty years’ labor had gone 
down with the ill-fated steamer. Things 
that he had gathered when a boy at 
Marseilles were among them and things 
he valued most. Nor did he have the 
friends who gave him sufficient sym- 
pathy. He grew vindictive and asocial. 
Fortunately at this time his friend 
Clifford came to his aid and encouraged 
him to begin another collection. Fur- 
thermore, he procured for him the post 
of professor of botany and natural his- 
tory at the New Transylvania Univer- 
sity, then on the edge of the western 
wilderness. This was the first chair of 
natural history to be established west of 
the Alleghenies, and not many had pre- 
ceeded it in the east. In this capacity 
Rafinesque made Transylvania what 
to-day we would call famous. Then it 
appeared to have been infamous. The 
chair of natural history was new and 
unclassical and looked down upon. The 
professcr was eccentric, at times un- 
kempt and was regarded as on the verge 
of insanity. The dignity of neither the 
chair nor the professor could much ele- 
vate the other but, like barnacles to 
each other, they dragged each other well- 


nigh to destruction. Rafinesque held on 
for six years and while at Lexington 
wrote the crowning piece of his life. 
**Iehthylogia Ohiensis,’’ published in 
that city in 1820. 
famous if not rich and at the time was 
a member of half a dozen of the leading 
learned societies of the world. Now 
*‘Ichthylogia’’ is one of the rarest bits 
of middle-western Americana. 

When the break between Rafinesque 
and Transylvania came he left, loading 
the college with curses, and he took him- 
self at once to the hillsides of Kentucky, 
undoubtedly glad that he was a professor 
no longer, but a joyful vagabond. 

He continued to investigate and to 
publish as long as he had the money, but 
all the while sinking deeper and deeper 
into oblivion. When he died in 1840 h 
left an elaborate will but little else. At 
least he died like a gentleman with al! 
his affairs settled properly. Only for 
the interference of a few old friends was 
his body saved from a medical college 
Now his bones are said to rest in the 
eampus of Transylvania which in older 
days drove him forth and which in turn 
he cursed. 

Rafinesque was a genius in the best 
sense of the word; inasmuch as he saw 
light where others failed to see even 
darkness. He had learned to solve the 
problem of material existence and to 
sacrifice sensual pleasures for those men- 
tal and spiritual. He was a pioneer 
both in spirit and habitation. There is 
little doubt that he preferred the wild 
wilderness of the lower Ohio Valley to 
the refinement of Philadelphia or the 
gay pleasures of Paris and Marseilles; 
yet he was equally at home in both, or 
at least he never felt himself out of place 
in the latter, although many may hav 
thought so, shallowly judging from his 
queer dress. 

But as a genius, Rafinesque lacked 
those qualities of the common man which 
go toward recognition and worldly suc- 
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cess. He delighted in flowers and went 


into eestacies when Audubon showed 
him a new plant. ‘‘Not only a new 
plant but a new genus, Mr. Audubon,’’ 
he exclaimed, embracing the great orni- 
thologist. Then the task of describing 
the new genus! That is where Rafin- 
esque failed. Not that he did not fully 
understand this new genus nor that even 
his description was unintelligible to him- 
self later. But his love of introducing 
novelties and fancy clouded for other 
scientists what to him was ever clear. 
But then perhaps only another genius 
could understand his point of view. 
Darwin, I believe, did, although there is 
no record that he was acquainted with 
Rafinesque’s work; but the ideal science 
Darwin had in mind when he said, 
‘‘What a joyful life a scientist would 
lead if he could ever observe and never 
write,’’ approached very closely the 
science of Rafinesque. Perhaps Darwin 
had something more of the common man 
when he considered it his duty to write 
his notes carefully for other people to 
read later. But not so with Rafinesque. 
Little did he care who read his notes, for 
he made them for himself. One of the 
most remarkable instances which clearly 
shows this utter indifference to the world 
was in 1820 when he edited a scientific 
periodical called ‘‘Annals of Nature.’’ 
From the first he was editor and sole 
contributor; ere long he became sole 
subscriber, which did not in the least 
affect the status of Rafinesque’s periodi- 
cal. When, however, he could no longer 
afford to pay the price of subscription, 
**Annals of Nature’’ ceased publication ; 
but it was a case of necessity rather than 
expediency. 

Rafinesque remained a child and from 
his child-like simplicity came his bound- 
less supply of enthusiasm. How glori- 
ously naive when, as professor of botany 
and natural history lately exiled from 
Transylvania, he exclaims with un- 
feigned vehemence, ‘‘I took lodging in 
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town and carried there all my effects, 
leaving the college with curses both on 
it and [President] Holly, which reached 
them both soon after; for Holly died of 
the yellow fever in New Orleans and the 
college was burned with all its contents.’’ 
And undoubtedly Rafinesque, eminent 
scientist as he was, died with the belief 
that this malediction was the cause of 
Transylvania’s downfall. Who other 
than an unspoiled child would have the 
grace to pull off his shoes and cover up 
the holes in the heels with the sock part 
of the stockings before a group of 
strangers and do it all without embar- 
rassment but actually with charm. But 
this is what Rafinesque did, the first 
time in Audubon’s house, and before the 
whole family. ‘‘He told us in the gayest 
mood imaginable that he had walked a 
great distance . . and was sorry his 
apparel had suffered so much from his 
late journey.’’ 

On the other hand, there are times 
when he displays those qualities which 
in children we call ‘‘pouting’’ when the 
individual is out of sorts with the world 
for little or no reason. ‘‘Some hearts of 
stones,’’ he writes after his shipwreck, 
‘*have since dared to doubt of these facts 
or rejoice at my losses. Yes, I have 
found men vile enough to laugh without 
shame at my misfortune instead of con- 
doling with me!’’ But he is fair with 
himself when he admits, ‘‘There were 
also friends who helped me in my dis- 
tress.’”’ 

Peculiarly enough the shipwreck did 
leave a visible mark on Rafinesque’s 
later life. What an ordinary man would 
soon forget or at least learn to look back 
upon the event not without humor, 
Rafinesque took to heart and bewailed 
his loss for years to come. Although 
only thirty-two years old, he thought he 
was too old to begin again, and his scien- 
tifie writings from that time on showed 
a steady decline, to rise for only once in 
his ‘‘Ichthylogia.’’ 
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It is either very comical or very 
pathetic when Rafinesque describes in a 
scientific paper a series of most unusual 
fishes which are said to inhabit the lower 
Ohio River and painted by Audubon; 
and the illustrations given to Rafinesque 
and described as real by Audubon in 
retaliation for the destruction of the lat- 
ter’s favorite violin on the part of 
Rafinesque, who used it for killing bats 
once while visiting the great ornitholo- 
gist at Henderson. 

It would speak well for Rafinesque if 
his friends could prove this joke played 
by him on other naturalists. But there 
is very little reason to believe this is so. 
When we remember his love for intro- 
ducing the unusual, it seems we must 
admit this to have been done in all sci- 
entifie seriousness. 

Rafinesque was not an Agassiz because 
he had not that fine discriminating eye 
and mind. But Agassiz thought well of 
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Rafinesque and spoke well of his work. 
and adopted many of his classifications 
Perhaps Agassiz would not have been 
the great naturalist which he was had i: 
not been that Rafinesque had partially 
paved the way. If there ever was 
scientist ‘‘erying in the wilderness’’ 
Rafinesque was that man. 

But there is another reason why 
Agassiz has ever been at the acme of 
scientific reputation and Rafinesque 
the lowest. All Europe and America 
mourned when Agassiz died, but 
Rafinesque died obscure and poor. But 
what a difference between the two me: 
Agassiz loved the men and women of the 
worki and in turn they loved him; 
Rafinesque lived for himself, 
lovingless and unloved. Agassiz was a 
great personality; Rafinesque a great 
mind, the mind of a genius, perhaps, but 
still only a mind. 


al ne, 





TWO-HEADED SNAKES 


By BERT CUNNINGHAM 


DUKE UNIVERSITY, DURHAM, N. C. 


THe two-headed specimen of the 
spreading adder which initiated this 
study came into my possession in an 
unusual manner. It was discovered by 
men who were making a run of illicit 
liquor when the small reptile came up 
to the fire either from curiosity or to 
warm itself. The men, fearing that their 
senses were fooling them, captured and 
preserved the reptile in their brew in 
order that they might observe it under 
more favorable conditions. The speci- 
men was lost to science when it had to 
be returned to its owner to settle a bet. 
The route by which the specimen came 
to me was so indirect that I have been 
unable to trace the original ownership. 


However, good use was made of the 
specimen while in our possession. Photo- 
graphs were made of the external ap- 
pearance and X-rays were made of the 


These are shown in the accom- 
(See Fig. 1 and 


skeleton. 
panying figures. 
Fig. 2.) 

Through the kindness of Dr. E. W. 
Gudger, of the American Museum, and 
Mr. C. S. Brimley, of Raleigh, N. C., 
some references to the literature of the 
subject were secured. With these as a 
basis, the writer has been able to secure 
a rather extended bibliography. Al- 
though the many references to this phe- 
nomenon are scattered, there have been 
two rather exhaustive papers published 
upon this condition—the first by John- 
son in the Transactions of the Wisconsin 
Academy in 1901, and the other by 
Strohl, which was published in 1925 in 
the Annales des Sciences Naturalles 
Zoologie. Both of these articles carry 


good bibliographies which are remark- 
ably supplemental. 

Animals possessing two heads have 
been deseribed in two ways. Among 
these there are those which are reputed 
to have a head on each end of the body, 
and there are having multiple 
heads on the anterior end of the body. 

Among the first are the snake-like 
lizards, that is, lizards without legs, to 
which belongs the genus Amphisbaena. 
(See Fig. 3.) These animals are nearly 
the same diameter throughout their en- 
tire length. When disturbed, they have 
the peculiar habit of elevating the tail in 
much the same manner that a snake does 
its head. Ditmars in describing the ani- 
mal says, ‘‘The tail is just as thick and 
stumpy as the head; unless one examines 
the animal closely, the two extremities 
ean not be told apart,’’ and further, 
‘*When a specimen was annoyed it would 
elevate the stubby tail in a fashion that 
eaused the organ to look like a head 
reared in threat; at such times the head 
remained flat upon the ground unless 
the body was pinched: then the head 
swung about for the offender.’’ They 
are also reported to have the habit of 
running backward with the same agility 
as they go forward. Hence the name. 
With these two habits combined, one is 
not surprised to find that some observers 
thought the animals possessed of two 
heads. There is also a group of snakes 
having somewhat similar characteristics, 
the Eryx johnit. The Hindoos painted 
a mouth and eyes on the blunt end to 
make the appearance of two-headedness 
more conclusive. 


those 
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The Amphisbaenas (the snake-like liz- 
ards) were considered as extremely 
poisonous according to Bancroft. This 
writer pointed out the improbability of 
the Amphisbaena having two heads since 
‘‘there is no animal in nature that is 
thought to have two heads.’’ In a foot- 
note to this sentence he reports and 
figures a genuine dicephalous case (see 
Fig. 6) occurring in a specimen from 
the Lake Champlain region, which he 
designated as an Amphisbaena. This 
animal is in no wise similar to Amphis- 
baena, but is rather to be grouped with 
those having anomalies of development 
which are now to be considered. 

Of the snakes having the dicephalous 
anomaly, there have been from twenty 
to thirty cases reported, ranging from 
those having skulls but slightly sepa- 
rated to those having necks of consider- 
able length. (See Figs. 4 and 5.) In 
some the ribs from one vertebra fuse 
with those of the vertebra lying opposite. 


This may be observed in our specimen 
(see Fig. 2) as well as in Pityophis sayi 


(see Fig. 4). It can also be seen that in 
our specimen the bifurcation begins with 
a Y-shaped vertebra. 


The internal anatomy of some of the 
specimens has been studied. In all cases 
it is to be supposed that the alimentary 
canal is double for some distance, al- 
though we did not demonstrate this in 
our specimen. Both mouths are re- 
ported as functional, and it has been 
observed that when one mouth has eaten, 
the other ceases to be hungry. However, 
both heads will attempt to swallow the 
same morsel. In a case reported by 
Lessona, there were two sets of lungs 
present, although three of the four were 
atrophied; there were also two livers, 
one of which was larger than the other; 
the heart also was paired. 

Although most of the specimens re- 
ported were small and presumably 
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young, some virtually newly born. 
Lessona cites Redi as having had in his 
possession an adult snake having two 
heads. 

Since nature does not often produce 
such monsters, it is legitimate to ask 
why does she produce any. It is com- 
paratively easy to understand why 
placental animals become twin monsters, 
and the spina bifidal effects of pressure 
on frog eggs, but what can happen to a 
hen’s egg that would make it produce a 
four-legged, three-winged monster is a 
mystery. The same might be said with 
a reasonable degree of assurance about 
the snake egg. 

One of the more common explanations 
is that the phenomenon is due to a 
double yolk. Double yolks may be re- 
sponsible, but I have seen two turtle 
embryos (Chrysemys marginata) on a 
single embryonic disk. They were small, 
about 4 mm., but apparently perfect. It 
would not take much imagination to see 
them fuse into a two-headed monster 
with a single body. 

Another explanation is that the con- 
dition is due to pressure. Pressure 
effects would in all probability depend 
upon the rigidity of the shell. Certainly 
in chicks this would not be the cause, for 
it has been shown that chick embryos 
produced under increased atmospheric 
pressure show no more anomalies than 
those produced under normal pressure 
In such animals as Chrysemys marginata 
where the shell is flexible the turgidity is 
so great that considerable external 
pressure would be required to produce 
any effect. 

The possibility of two germ nuclei in 
a single embryonic disk, or the separa- 
tion of the blastomeres produced in first 
cleavage with independent development 
for a time and later a partial fusion, 
seems more reasonable, although neither 
of these explanations is wholly satis- 
factory. 
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writer pointed out the improbability of 
the Amphisbaena having two heads since 
‘‘there is no animal in nature that is 
thought to have two heads.’’ In a foot- 
note to this sentence he reports and 
figures a genuine dicephalous case (see 
Fig. 6) occurring in a specimen from 
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designated as an Amphisbaena. This 
animal is in no wise similar to Amphts- 
baena, but is rather to be grouped with 
those having anomalies of development 
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some the ribs from one vertebra fuse 
with those of the vertebra lying opposite. 
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it is to be supposed that the alimentary 
canal is double for some distance, al- 
though we did not demonstrate this in 
our specimen. Both mouths are re- 
ported as functional, and it has been 
observed that when one mouth has eaten, 
the other ceases to be hungry. However, 
both heads will attempt to swallow the 
same morsel. In a case reported by 
Lessona, there were two sets of lungs 
present, although three of the four were 
atrophied; there were also two livers, 
one of which was larger than the other; 
the heart also was paired. 

Although most of the specimens re- 
ported were small and presumably 


young, some virtually newly born. 
Lessona cites Redi as having had in his 
possession an adult snake having two 
heads. 

Since nature does not often produce 
such monsters, it is legitimate to ask 
why does she produce any. It is con 
paratively easy to understand why 
placental animals become twin monsters. 
and the spina bifidal effects of pressure 
on frog eggs, but what can happen to a 
hen’s egg that would make it produce a 
four-legged, three-winged monster is a 
mystery. The same might be said with 
a reasonable degree of assurance about 
the snake egg. 

One of the more common explanations 
is that the phenomenon is due to a 
double yolk. Double yolks may be re- 
sponsible, but I have seen two turtle 
embryos (Chrysemys marginata) on a 
single embryonic disk. They were small, 
about 4 mm., but apparently perfect. It 
would not take much imagination to see 
them fuse into a two-headed monster 
with a single body. 

Another explanation is that the con 
dition is due to pressure. Pressure 
effects would in all probability depend 
upon the rigidity of the shell. Certainly 
in chicks this would not be the cause, for 
it has been shown that chick embryos 
produced under increased atmospheric 
pressure show no more anomalies than 
those produced under normal pressure. 
In such animals as Chrysemys marginata 
where the shell is flexible the turgidity is 
so great that considerable external 
pressure would be required to produce 
any effect. 

The possibility of two germ nuclei in 
a single embryonic disk, or the separa- 
tion of the blastomeres produced in first 
cleavage with independent development 
for a time and later a partial fusion, 
seems more reasonable, although neither 
of these explanations is wholly satis- 
factory. 
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A TWIN TURTLE 


By Professor S. HOFFMAN DERICKSON 


LEBANON 


EXAMPLES of twinning with various 
degrees of union of the two individuals 
is fairly common among the vertebrates, 
although more frequent in some classes 
than in others. They are not so common, 
however, as to pass unnoticed. 

One of my students, Mr. V. Ear! 
Light,’ brought in for my inspection a 
twin painted turtle, Chrysemys picta, 
which he had borrowed from a neighbor. 
The specimen had been found several 
years before by the little 
daughter near an abandoned canal a few 


neighbor’s 


miles west of Harpers, Lebanon County, 
Pa., in the early summer. The child was 
attracted by its peculiar appearance and 
ungainly ways and took it home. Her 
mother put it in a jar on the back porch 
of the farm house, where it lived in spite 
of lack of proper food and the heat of 
the afternoon sun beating in on it for 
It was the curiosity 
of the neighborhood but failed to fall 
under the attention of any one inelined 
to make a eritieal study of its behavior 


about three months. 


and give it proper care and attention. 


Accordingly, one hot afternoon In 
August it died, probably from a 
plication of conditions. *’ 

Some months ago I visited the family 
in company Mr. Light and from 
their recollections we gleaned the follow- 
ing coneerning its It could 
swim and handle itself in the water very 
well. It was given various kinds of food, 
bread, meat, vegetables, fruits, ete., but 
was never eating, although they 
supposed that it ate some of the food 


*“¢om- 


with 


behavior: 


seen 


‘A Double Turtle of the 
Proceedings Pennsylva 


1925. 


1 Light, V. Earl, 
Genus Chrysemys.’ 
nia Academy of Science, Vol. 1, 


VALLEY 


562 


COLLEGE 


placed in its jar. When placed « 


ground its movements were mor 


ward. Sometimes the movements 
front feet seemed to be coordinat: 
usually they appeared to act in 
dently and 
Likewise, the heads sometimes 
but frequently 
indeed unfortunate that 


with contrary move 
disagres d, 


it did n 
into the hands of some one who 


more 


have kept it under observation in « 
tions where it might have lived an 
vided 
behavior. 


an interesting record o 


The accompanying photographs 1 


by the author show most of the pecu 


The 1 


ties of its external structure. 


graph, rather indistinet on account 


the youth of the specimen and th: 
ner in which it was preserved, rev 


few facts concerning internal structu 


Permission could not be obtained 


the owners to dissect and examin 


internal structures, 


as 


obtain a fabulous price for the speci 


found had been 
vinegar and salt in a pint jam jar. 

The extent of 
whichever the case may be, 
different 
differently. 
head and 
perfect duplicates. 


which we presery 


fusion, or 


regions of the organism 
neck, consists of two 
The 
consists of two carapaces not quit 
plete. The adjacent margins of th« 
are bent dorsally and form a prom 
median ridge seen in Fig. 1. Th 


ginal plates of the two are fused at 


The base of the 
right and left « 


top of this ridge. 
of the 


consists 


’ 


dorsal rt 


they hop 


st paral 


affected 


The anterior, ineluding 


all 
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which are of interest rhe tused mar 
ginal plates which form the ridge previ 
ously referred to are without the usual 
red spots. The nuchal plates, normally 
without red markings, 

with red-like marginal 

these color differences ma) 

preted as indicating that colon 


ment is influenced by the general 


metry ol the organism as a whole 
than by the development 
morphological unit, 


Two other abnormalities ap} 





epidermal! plates ot tl 

The fifth neural plate Oo 

ANTERIOR VIEW OF A TWIN TURTLE, pace is reduced in siz 
CHRYSEMYS PICTA. 








shape, due to tine 
post rio-lateral angl 
in front of it. An 


ventral surfaces In contact and fused appears on th let 


nlates of the two individuals with thei 


The ridge does not extend to the poste carapace posterior to the usual fou 


rior margin but ends in front of a plate 


which it resembles in form but is muel 
whial ated =) » ‘ "Th: » vs let ‘ . 
which resembles a normal neural plate reduced in size. 


in form and position, although each The median elevation extending from 


carapace contains the usual five neural  yyehal plate to pygal plate on a normal 


plates in addition to the plate in ques- turtle is evident on a carapaces, as 
tion, which is apparently an_ extra 
neural. Mr. Light interpreted this as 
in extra costal plate. Posterior to this 





extra neural plate the twelve marginal 
plates of the left side of the left carapace 
are separated from the twelve marginal 
plates of the right side of the right cara 
pace by the usual pygal plate, below 
which the single tail protrudes. The 
posterior aspect resembles that of a sin 
gle normal individual. The fused mar 
gins each present eleven marginal plates, 
the eleventh pair form the posterior 
limit of the ridge referred to in a pre 
ceeding paragraph and are immediately 
n front of the extra neural plate, whieh 
herefore takes the place of the twelfth 
pair of marginal plates and may be 
rmed by the fusion of the elements 

ich should have normally produced 
irginal plates, as is indicated by their 
lor markings. The coloration in gen- 
al is typical of that of the species; 
ere are, however, a few exceptions 
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an abnormal yolk sae withd) 
seen extending posteriorly. 

The endoskeleton shows mo 
sive twinning in the interior of t 
as is shown in the radiographs ix 

There are two vertebral colun 
to the sacrum and a single colu 
tinued into the tail. The pectoral! 
appears to be formed in duplicat 
although the adjacent parts, it 
are greatly reduced. If the 





front legs are represented at 





are so greatly reduced, or lac} 
ossification, that they failed to 
on the radiograph. Radiograp) 
may be seen in Figs. 1 and 3, but are not taken from a number of addit 
as prominent as on the normal specimen. angles but reveal very little in 

The ventral portion of the body seen to what is registered on the dors: 
in Fig. 4 shows little evidence of ventral views herewith present 
twinning. <A small triangular plate is Fig. 5. 





Fc. 3. ‘ I W OF TWIN TURTLE. 


wedged in between the two gular plates, 
slightly inereasing the width of the 
anterior end of the plastron. 





A mid-ventral sear, possibly indieating 





Fig. 5. RADIOGRAPHS OF TWIN 


We have not been able to mak 
exhaustive study of the literatur: 
this subject, but through the kindness 
Dr. E. W. Gudger, of the Ame 
Museum of Natural History, have 
VENTRAL VIEW OF TWIN TURTLE. able to compare the specimen wit! 














A TWIN 


ption and figures of two somewhat 
r specimens, 


bour®’ has deseribed a young tor 
the same species W hich rese mbl Ss | 
subject of this paper in several par- almost complete e 
I's. His specimen also had two men [Lis specime! 
s and necks, as shown in his figures. 


ine he rewith rep! | l ILis 





‘he external 


earried much 
than on Barbour’s 
Barbour’s account in 


teresting series OT observ: 


1) havior OL his specimen 


hatehing in June unti 


by a eat seratch, in Septemb« 











same veal 
Bernard’ reviewed Barbou 
DORSAL AND VENTRAL VIEW , , . 
HEADED TORTOISE, CHRYSEMYS PICTA, article in Cosmos oruly 
; 
AFTER BARBOUR. appeared. 


Hennig’ gives an interesting account 


specimen was a trifle broader than long. of 
The specimen we deseribe is one twelfth 


the behavior of another somewhat 
similar specimen found in 1869 

Barbour, E. H., ‘‘On a Young Tortoise, 
Chrysemys picta, with Two Heads,’’ American 
Journal of Science, third series, Vol. XXXVI, 
No. 214, October, 1888. 

Barbour, E. H., ‘‘ A Two-headed Tortoise,’’ 

ence, n. s., Vol. IV, No. 84, p. 159. 


‘ Bernard, S.., 
Cosmos, 200, pp. 
Hennig, 

dechse,’’ Co 
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THE BERTHELOT CENTENARY 


\RCELLIN BERTHELO’ born in 


s on October 25. 1827. 


was 
and the exact 
nary of his birth was celebrated in 
foundation- 


House Ol 


s by the laving of the 
of the 


mistry, to be erected as a memorial 


new Internationa 


im. Subseriptions have been rr 


ved trom forty nations amounting to 

fifteen million franes, one half of 
eh has been given by Franee. Contri 
the United 


five hundred thousand 


from States amount 


tions 
about franes, 
ut the American Chemical Society has 
official! 
the society or the federal government, 
at its Detroit 
statement to the 
American 
aught but 
sts’ Club’ of 


ken exception to an support 
meeting 
effect 


Society 


recent 
that 
Chemieéal Nas 
wishes for the ‘Chem 
Ni W York, 


sidered ‘House ot (Chemistrv’” of 


ritain, the ‘Hofmann House’ ot 


goo 
the long con 
Great 
Berlin, 
for a national ‘Maison de la Chimi 
be located in Paris and would be glad 
to see any of its members, who are so in 
clined, contribute to their support. It 
can not, however, admit the propriety of 
iny national group assuming the right to 
centralization of control of international 
hemistry within its own territory and 
the 


“osts of construction and upkeep of sue 


spnere ot influence, even if major 


n institution were not assessed upon the 
st of the world. 


The American Chem 
Society believes that if an Interna 
tional Office of Chemistry, 

ject the centralization of influence of 


having as its 


emical science, both pure and applied, 
s ever deemed desirable or necessary, it 
ould be inspired through cooperative 
tion of the world’s scientific chemical 
and governments 


rganizations not by 


rough political channels.’’ 


T) 
moni 
the buil 
enosen 
president of f 
of Chemieal Industry 
sald: **The Int 


Llouse will hy ol 


TO have 


leal 
] 


as some belie) 


and not, 
eertaim section ot ntell 
Its purpose is similar to t 
Pasteur Institute and 
laboratories 


schools and 


true meeting 


vrounad 
where professors, se 
and savants of 

togeth: 

Will place 

sourees ol 

publicat 


| ] = | 
aiso all avaliabdlt 


will be headquarters 
and foreign business men w 


and 


for which the 


4: 
eontinut 


cement Orv; 
World 
(‘ongress demonstrated 1 


receen!l 


well ; demonstrated 
to our dear 


beauty, a world 


re disciples oO} Bert elo 


sacred fire of their ealling 


M. Donet Agache luded by 
plaining that in constructing the Inter 


the 


Conc 


national House in Paris, France { 


soud!l 


no chemical hegemony, even of a scie 
tific nature, but was merely carrying 0 
in the domain of the dream 
Berthelot. 


According to the report print 


Sclence 


Nature the proceedings began with a ré 


ception at the Sorbonne on the evening 


of Sunday, October 25, by M. Charléty, 


the reetor of the University of Paris. On 


Mondays morning, in the presence of rep 





DOS 


resentatives of the French Government, 
a museum of apparatus and manuseripts 
relating to Berthelot was opened at the 
Faculty of 
Radet ; the 


che 65 illége de 


Pharmacy by Professor 


visitors were next received at 
Frane by M. Croizet: 


atter speeches by the president ot the 


(;,erman Chemical Society, Professor 


Schlenk, and Professor Bogert, of Co 


umbia University, 


Berthelot’s forme 


were In 
tablet 
unveiled on the wall of Berthelot’s early 
113 Rue Saint Martin, and 
speeches were made by M. Boujou, Préfet 
de la Seine. 

The 


laboratories and apparatus 


spected. Later, a memorial was 


re sidenee, 


held in the 
Sorbonne on 
D4. 


Professor Ch. 


chief meeting was 
amphitheater of the 
October 


pronounced — by 


the evening of discourses 
were 
Moureu on the work of Berthelot, and by 
Professor Lacroix, secretary of the Aead- 
emy of Seiences; M. Georges Lecomte, 
director of the Académie francaise ; M. 
Cle af president of the Academy of Medi- 
cine; M. Wéry, president of the Aead- 
emy of Agriculture; M. Hodza, Minister 
of Edueation for Czecho-Slovakia, and by 
M. Paul Painlevé. Addresses were pre- 
sented on behalf of 
bodies; it is indieative of the wide-spread 
in the celebration that the first 
from 


numerous academic 


interest 


addresses handed in were those 


Abyssinia and Afghanistan. 
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A commemoration ceremony 
at the Panthéon on Tuesday n 
October 25. when speeches were n 
M. Raymond Poincaré and by M 
liardo, minister of foreign affairs 
Argentine Republic. 
by a lunch in the Galérie des Bat 


This was 


Versailles, which was attended 

1.200 cuests, and discourses we) 
ered by M. Herriot, 
Professor Amé 


minister « 
tion: Pictet. of 
versity of Geneva, and M. Lunate 
minister of education to the Ur 
Socialist Soviet Republics. 

On Wednesday morning, Octo! 
the foundation-stone of the new 
of Chemistry was laid in the Place : 
by M. Herriot ; M. Donat-Agach 
dent of the French Society ot Cher 
Industry; M. Zumeta, the Vene: 
Minister, and Professor Ernst Co 
Utrecht, spoke, and the party adjow 
for lunch to the chateau belonging t 
French Academy at Chantilly, wher 
courses were pronounced by M. Leeor 
director of the Academy, 
Professor H. E. Armstrong. I 


French 


evening the delegates were receive: 
President Gaston Doumergue 
Palais de l’Elysée. It is 


a4 commemorative volume gi\ 


propos 
issue 
full account of the proceedings 0 
Berthelot centenary celebrations 


RADIUM AT THE MEMORIAL HOSPITAL 


THROUGH the generosity of the late 
Dr. James Douglas, the Memorial Hos- 
pital of New York City, during the last 
ten years, has had in its possession four 
for the treatment of 
cancer and allied diseases. Recently a 
gift of $250,000 from Mr. Edward 8S. 
Harkness has made it possible for the 
hospital to inerease its radium supply to 
eight grams, which is the largest amount 
controlled by any institution. While the 


erams of radium 


first four grams are kept in solutio 
provide a constant supply of r 
(radium emanation), 
for therapeutic purposes, the last 


which is ther 


grams are kept in a special cont 
which is applied directly to the pati: 
Before describing this apparatus 
well to outline briefly 
radium is used for the treatment 
eaneer. In the first place, it shou 
noted that radium is not used as a d 


may be 
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THE SCLENTIFIC 


That is, it is not administered to the 
in the form of pills, powders, 


fact, it 


patient 
solutions, salves, ete. In never 
comes in actual contact with the patient. 
is due to the powerful rays 


Its action 


which it emits constantly and sponta- 


neously. The gamma rays, which are the 


‘hiefly used for the treatment of 


Ones 
cancer, are capable of passing through 
opaque substances with little absorption. 
Therefore, radium can influence living 
tissues not only without actual contact, 
but even through a sheet of metal several 
millimeters thick. 

Radium rays are capable of affecting 
The effect 
to complete 


all living tissues. may vary 
from an imperceptible one 
destruction, depending on the amount of 
radiation which has been absorbed by the 
tissue. Some tissues are more easily af 
feeted than 
of cancer are more susceptible to radium 
than the 
ing the tumors, while other types are less 
the ob- 
jeet of radium therapy is to get rid of a 
without the 
normal tissues or the patient as a whole, 
it will be seen that the particular method 
of applying the radium depends largely 
on the type of cancer one is dealing with 


others. Thus certain types 


rays normal tissues surround- 


susceptible. Remembering that 


tumor serious injury to 


and its location. Sometimes it is neces- 
place the 
within the tumor mass itself: sometimes 


sufficient: in 


Sary to radioactive source 
surface applications are 
other cuses it may be desirable to place 
the radium at a distance of several centi 
the The four 
grams of radium recently aequired by 
the Memorial Hospital are used exelu- 
sively for such external applications. 


meters from surface. 


The design of a suitable container for 
this purpose must fulfil two essential re- 
quirements which are more or less an- 
tagonistic. That is, the container must 
afford sufficient protection to the oper- 
ator who applies it, and at the same time 
must be sufficiently flexible to make pos- 


sible its adjustment to any part of the 
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RADIUM CONTAINER 
\PPLICATIO 
t GRAMS OF 
PLATINUM 
CHING THI 
NESS Of] ritt 
patient 's body. Qn account of the er 


penetrating power of gamma rays, 
large mass of lead is required around t 

radium, and this makes it impossibl 

rest the container on the patient’s bor 

The appliance used at the Memorial Hos 
pital is suspended from a_ horizont 
beam, which is moved up and down as 
whole by an electrie motor. 
the 
and a photograp! 


platinum 


A eross-section of containe! 
shown in Figure 1, 
Figure 2. Forty 
100 


capsules 
milligrams of 1 
dium, are distributed over a (bakelit 
This dise 


each containing 


eirele 7.5 em. in diameter. 


; 


inserted into a recess milled out ot 


side of a lead cylinder 15 em. in diameté 
and 28 em. long. The eylinder is fitte 
into a 


shown, and is supported coaxially by 


large lead easting of the shay 


steel shaft running on ball bearings. B 
this arrangement it is possible to tu 
the cylinder so that the radium is point: 
towards one or the other of the two op« 


ings provided in the lead casting; 01 
ean be placed in the position shown | 
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PHOTOGRAPH OF RADIUM CONTAINER 


ETHOD OF PPO! 








Dit 


the dotted lines in Figure 1, in whieh 


case the radium is completely surrounded 
The lead cylinder weighs about 


by lead. 
200 pounds, but it ean be turned easily 


The 


lead casting which houses the eylinder is 


by a handle attached to the shaft. 


covered with a thick brass shell, and is 
thereby attached to a bronze ring. Two 


steel studs are fastened to this ring at 
right angles to the eylinder, and these 
The 


latter is suspended from a earriage roll- 


run on ball bearings in a steel yoke. 


ing on the horizontal beam, and is 
capable of rotation on a vertical axis by 
means of a stout stud running on a ball 
bearing. In this way it is possible to ad- 
just the 
either opening in any 


As already mentioned, the hori- 


beam of rays emerging from 


desired orienta- 
tion. 
zontal steel beam can be moved up and 


down. The carriage can be rolled along 
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this beam, and the table, on whic 
patient lies during the treatment, ca 
moved longitudinally on tracks plac 
the 
with this arrangement it is a simpk 
lead 


(weighing about 500 pounds 


right angles to steel beam. 


ter to place the heavy cont 
ove! 
desired part ot the body in the pl 
orientation. 

An ordinary set-up can be mad 
Treatments last from 
A technician sta) 


three minutes. 
to several hours. 
an adjoining room and observes the 
fifteen throug! 
windew in a 


minutes 
small lead-lined partit 
This additional protection for the o; 


tient every 


ator, and hospital personnel in gener 
is necessary on account of the radiat 
which is scattered by the patient's bo 
and other matter in the path of the bea 
of rays. 

GIOACCHINA FAILLA, Physicist 


THE NATIONAL FORESTS AREA 


THe total area of the national forests 
was Increased by 41,214 acres in the last 
fiscal year, according to the latest check 
Forest 


area ot 


just completed by the Service. 
The 
forests on June 
fiseal vear, was 158,800,424 acres 
the 
was a 


aggregate net national 
30, the close of the last 
In- 
the 
area of 


25,157,682 


eluded within boundaries of 
national 


185,938,106 


torests OTOSS 


acres, of which 
acres was alienated land 
With the separation of the Ocala Na- 
tional Forest, formerly a division of the 
Florida National distinet 
unit by recent proclamation of the presi- 
dent, there are 160 national 
in the country, located in 32 
in Alaska and Porto Rico. 
The total net gain in area of national 


Forest, as a 
now forests 
states and 


forests last year was not as large as the 
gain in several preceding years. This 
was duc in part to the fact that a con- 
siderable acreage was transferred by spe- 
cial acts of the congress to national parks. 
The were drawn upon to 


forests also 


the eonsummatio 


state exchanges and consolidations. Net 


some extent in 


shown in 
Alas! 


acres 


reductions in area were 
following states and territories: 
2.780 California, 193,164 
Colorado, 19,399 aeres; Nevada, 412 
New York, 6,154 this 
duction being due to the release of Can 
Upton Military 
tional-forest status), and South Dakot 


acres ; 


acres ; acres 


Reservation from 1 
1.776 eeres. 

The largest inerease was 65,274 acres 
Washington wv 
second with a net inerease of 63,084, 1 


this in Pennsylvania. 


lowed by Wyoming with an increas 
42 494 acres, Georgia with 34,967, N« 
Mexico with 27,084, Oregon with 21,852 
Arizona with 20,230 and others wit 
smaller amounts. 

Up to the close of the last fiseal ye 
lands acquired for national forests in t 
Eastern and Southern States under t 
Weeks law amounted to 2,564,619 acr 
and an additional 328,122 acres has b 
approved for purchase. 
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Complete Equipment for 


Explorers, Scientists, Engineers, 
Hunters and Travelers 


We have The only 
house 


Equipped | . | 
many , re, in the 
Expedi- U.S. 
tions where 
From 
the Poles 
to the 
Equator 


every 

item 
may be 
obtained 


Gurley’s Transits, Levels, Current Meters; Paulin Altimeters; Binoculars, Microscopes; 
Cameras, Motion Picture Outfits; Tents and Camp Requisites; Sleeping Bags; Saddlery; 
Outdoor Clothing for every climate; Boats; Arms and Ammunition, etc. 

We have recently equipped two expeditions for Greenland, one for Persia 

and others for Venezuela, Peru, Bolivia, and Brazil. Some of these explor- 

ing parties we equipped with practically everything they needed from engi- 


neering instruments to rifles, ammunition, and food. 
Our tents, made of Equatorial Waterproof Cloth, have stood the sun of 


the tropics and the freezing blasts of the Polar regions. 
Let us furnish estimates—write us your wants. 
Catalogs and Testimonial Letters on request. 


ANTHONY. FLALA “tow voex corr 


** Look for the sign of the Polar Bear” 














THE SCIENTIFIC MONTHLY—ADVERTISEMENTS 














Books That Should Be In Every Home Library 


MEREDITH—Hygiene 


Including Sections on Anatomy, Physiology 
and Pathological Conditions 


268 Illustrations. Cloth, $3.50 Postpaid 


BY FLORENCE L. MEREDITH, M.D. 


College Physician and Professor of Hygiene, Smith C 


A complete, authoritative work on health maintenance. It is written in so 
readable style that it has met with the favor of the general public. Practical 
advice is given on all health matters, and full scientific explanations made of 
the advice given. There are no more practical and thorough discussions for 
laymen on the subjects of sex hygiene and mental than offered here. It should 
be in the hands of all who are trying to keep health at a high level and especially 
those who have the health of young people under their care. 


GOULD—Pocket Pronouncing 
Medical Dictionary 8th Edition 


Flexible Binding, $2.00. With Thumb Index, $2.50 


BY GEORGE M. GOULD, A.M., M.D. 


The ‘‘Pocket Pronouncing Medical Dictionary’’ is valuable for reference use 
in any household. It has a number of tables that are of general interest. A 
very important feature is the exact pronunciation of each word given through- 
out the book. Definitions are concise and intelligible. 


P. BLAKISTON’S SON & CO. 


Publishers 1012 Walnut Street Philadelphia 
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The University of 


CALIFORNIA PRESS 


Berkeley, California 


First Presentation of an Important Contribution to an Urgent Problem! Made at 
Request of the East San Francisco Bay Municipal Utility Commission— 


A Physical Study of the Mokelumne Pipe Line 


AUTHORS 


JoNEs, Luoyp T. 
and 
WEEKS, WALTER S. 65 inches in diameter Programs for lay in 
of the 80 miles long 
College of Engineer- 
ing, University of 
California Motion of the Pipe Line 


Contents 
The Pipe Retaining Welds 


welding, backfilling 
Temperatures—Stress oa 
of pipe 
‘ ; : The Welds 
Price—One Dollar Pipe Line Stresses ray 
Ventilation 


80 pages. 60 illus- Operating. Construc- 


trations tional Conelusions 





e-..lUe 


This is but one of some 2000 titles in the Free Catalogue of the 


University of California Press 
Located at Berkeley, California 

















THE PUBLIC AND ITS PROBLEMS 
By JoHn DEWEY 
‘Not so much a defense of democratic theory as an examination of the circumstances und 
which it came into being and the conditions necessary to its working.’’—Robert Morss Lovett in 
The New Republic. 
‘* An interesting book not to be missed by citizens interested in the progress of social int« 
gence.’’—Yale Review. $2.50 


Students’ edition $2.00 
THE PRINCIPLES 
OF ABNORMAL PSYCHOLOGY 


By Epmunp S. ConKLIN 
‘¢An able and absorbing volume, which may be read with profit and pleasure by intelligent 
laymen. The author does not merely cover insanity, neurasthenia, hallucinations, multiple per 
sonalities, and so on, but sleep, dreams, the mental effects of drugs, hypnotism, feeble-minded: 
and genius.’’—New York Sun. $4.50 
Students’ edition $3.60 


GENERAL CHEMISTRY 


By Leon B. RicHARDSON 
The subject matter has been developed from the start, and the book is well adapted to coll 
courses taken by students with or without previous chemical instruction. 
‘¢This seems to be an excellent textbook for beginners in college chemistry. It is clearly writt 
and quite full, though by no means excessively so.’’—Professor Ernest Anderson, Univers 
of Arizona, $3." 


HENRY HOLT AND COMPANY 


One Park Avenue New York 
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AN INTERNATIONAL 
CLASSIFIED BIBLIOGRAPHY 


OF 


CHARACTER AND PERSONALITY 


(including temperament) 


Compiled by Dr. A. A. ROBACK 


\ handbook indispensable to Psychologists, 
jologists, Clinicians, Social Workers. Edu 
nists, Clergymen, Personnel Executives, 


Contains references to books and articles 
na dozen languages, alphabetically ar 
ranged according to author 

Nearly all the references are supplied with 
a symbol or key, indicating the chara 
ter or viewpoint of the publication 

There are scores of annotations in the 
body of the work 

The most important books and articles are 
starred 

A list of unpublished writings and work 
on character still in preparation 

Periodicals devoted to the study of char 
acter and personality 

A list of organizations interested in these 
subjects 

Up-to-date addenda 

Classification according to point of view 
or approach 

10. A chronological table of characterology 
from antiquity up to 1927. 

Professor G. W. Allport in the Psychological 
Bulletin “ A work of the first magnitude.” 
A companion volume to the author's 
PSYCHOLOGY OF CHARACTER (620 pages) 
The price is now $4.25, 15 cents postage, 
but by the first of January it will be advanced 

to 36 
By ordering now instead of “a little later,” 
you will save $1.75. 

340 pages, 8vo, silk cloth 


Orders will be taken also for Dr. Roback’'s 

other works 

The Psychology of Character—$5.50 plus 15« 
postage (3 Ibs.). 

Problems of Personality (editor) (a sympo- 
sium de luxe)—$6.00 plus l5c. postage 
sehaviorism and Psychology 255 plus 15¢ 
postage; (paper bound, $1.75 plus 10c.) 

Interference of Will-Impulses (paper bound) 
$1.75 plus 10c. postage (1 Ib.) 

Psychology with Chapters on Character An- 
alysis and Mental Measurement (paper 
bound)—-$1.00 plus 10c. postage (1 Ib.); cloth 
bound, $2.00 plus 15c. postage 


THE SCI-ART PUBLISHERS 


HARVARD SQUARE 
Cambridge, Mass. 





JOURNAL OF 
HOME ECONOMICS 


deals with the application ot 
modern natural and social science to 
healthful nutrition 
suitable clothing 
proper housing 
wise use of income 
efficient home management 
child care and parental education 
and the development of these ideas at 
home and abroad 


Pul t I t \ y ‘ 
American Home 
Economics Association 


Yearly subscription price, 


Sample copy free if you refer 
The Scr ntipu Monthly in your 


request 


101 East 2oth Street, Baltimore, Md. 














THE MICROSCOPE 


By SIMON H. GAGE, Cornell University 


Kevised, Dark-field Edition (1927) now Available. 


The Old and the New in Microscopy, with a special 


hapter on Dark-Field Methods and their 
Application. 


Postpaid, $3.50 
(OMS OCK PUBLISHING COMPANY, 





ITHACA, N.Y. 


The RELIGION 


CALLED 


BEHAVIORISM 


By Dr. Louis BerMAn 


Author of 


THE GLANDS REGULATING PERSONALITY, Ftc. 


iad IVELY and fearless Anyone who 

“ has read or wondered about Be 

haviorist theories ought to read also this rac y 

summation of them fresh light on the 

age-old problem of fatalism and free will 
N. ¥ 


vie? R. BERMAN’S book seems 
the only means by which a layman 
ean find ont anything about these new 
searchings after truth. It is to be warmly 
recommended.’’—Edwin Biorkman, 
Asheville (N.C Times. 


< you will enjoy Dr. Berman’s book.’’ 
Chicago Daily News. 


At all bookstores, $1.75 
i coop DBONI & 
BOOKS } LIVERIGHT 


. 
“F dat W. 48th St. N. ¥. 
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ADVANCE ANNOUNCEMENT 


Three important books are scheduled for January. Two of them will initiate 
program of medical publication which the University of Chicago Press has und 
taken in connection with the opening of the new University laboratories, clin 
and hospital. The third is an unusual contribution to the history of science. 


The Newer Knowledge 


of Bacteriology and Immunology 
Edited by E. O. JORDAN and I. S. FALK 
Eighty leading men of science have collaborated in the preparation of this impo: 
tant summarization of the present status of knowledge and methods in bacteri 


ology and immunology. The book is a monumental contribution to progress i) 
these fields. About $12.4 


Childbirth 
By WILLIAM G. LEE, M.D. 


A practical manual for the practicing physician, the nurse and the mother. It 
an excellent introduction to any course in obstetrics. About $3 


The Role of the Scientific 


Societies in the Seventeenth Century 
By MARTHA ORNSTEIN 


With an introduction by James Harvey Roprnson 


History and science derive equal benefit from this chapter in the history 

science. It is a subject important to both fields of study and has been rathe1 
generally neglected by scientist and historian alike. To understand the earl) 
status and progress of science it is necessary to know just how aid was given b; 
the scientific societies and why this aid was indispensable. From her knowledg: 
of history and with her appreciation of the problems of science, Miss Ornste! 
has made an original and valuable contribution. About $3 


THE UNIVERSITY OF CHICAGO PRESS 
5811 Ellis Avenue CHICAGO 
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Books of Interest to the Physicist 
VW. L. BADGER—HEAT TRANSFER AND EVAPORATION, 

Illustrated. 306 pp. $6.00. 

A thorough and exceedingly clear exposition of the principles of evay i 

fer. The mathematical treatment of the subject is particularly thorough nd cid 
CARLETON ELLIS & ALFRED A. WELLS—ULTRAVIOLET RAYS, 

THEIR CHEMICAL ACTION. 

Illustrated. 362 pp. $6.50. 

The subjects covered include—Nature of Ultraviolet Radiation: 

Metal Vapor Lamps; Mercury Arc Lamps; Protective Glasses and Filters: Observations on 

Photochemical Mechanism; Reactions of Gases in Ultraviolet Rays; Various Photochemical! 

and Photolytic Reactions; The Effect of Ultraviolet Rays on Halogenation Reactions: Photo 

synthesis; The Formation of Carbohydrates and Proteins from Atmosp! Gases; Steril 

zation by Ultraviolet Rays; Biologic Effects and Therapeutic Applicati Experimental 

Studies ; Miscellaneous Applications of Ultraviolet Rays 

This book was selected by the American Library Association as one of thé 

thirty-seven outstanding books of the year 1925, submitted to the a 

tional Committee on International Intellectual Co-operation of 

Nations. 


H. W. GILLETT & E. L. MACK—MOLYBDENUM, CERIUM AND 
RELATED ALLOY STEELS. 
Illustrated. 299 pp. $5.50. 
A. C. S. Monograph No. 22. 
Describes the sources and chemical properties of the alloying materia 
engineering properties of the alloy steels containing them 
JOEL H. HILDEBRAND—SOLUBILITY. 


Illustrated. 206 pp. $4.00 
A. C. S. Monograph No. 17. 
The first portion of the book is devoted chiefly to the 
a comprehensive theory of solubility, with an extensive 
followed by eight chapters covering the application of the theories to existing data 
GILBERT N. LEWIS—VALENCE AND THE STRUCTURE OF ATOMS 
AND MOLECULES. 
Illustrated. 172 pp. $3.75. 
A. C. S. Monograph No. 14. 
Discusses the physicist’s view of the atom in contrast with the chemist 
conceptions, and outlines in detail the modern theory of valence and the 
. af " ‘ ba mn , , mn re! ‘ ‘ 
ROBERT B. SOSMAN—THE PROPERTIES OF SILICA. 
About 850 pp. $12.50 
A. C. S. Monograph No. 37. 
A monograph on silica in its various phases and 
and symmetry, its thermal and mechanical energy, 
its uses and applications in industry 
H. A. SPOEHR—PHOTOSYNTHESIS. 
382 pp. $6.50 
A. C. S. Monograph No. 29 
The popularity which the general subject of the 
within recent years has led to much speculation regarding means of accomplishing this 
These speculations have concerned themselves not only with mechanical contrivances designed 
to utilize the energy of the sun, but in many cases have also endeavored to explain the 
manner in which the green plant plays the role of a converter of radiant energy In this 
book only the latter subject is discussed. The results of experimental investigations have 
been stressed rather than the conclusions which have been arrived at by observations in the 
field or by empirical methods. An endeavor has been made to discuss the salient features 
of the subject with some consideration of those theoretical aspects which offer promise of 
fruitful development on the basis of experimental study 
GUSTAVE TAMMANN—METALLOGRAPHY. 
Translated from the German by Reginald Scott Dean and Leslie Gerald Swenson 
Illustrated. 388 pp. $7.00. 
A translation of the leading German treatise on this subject covering one-, 
multi-component systems. Among the subjects discussed are the physical properties 
alloys, the process of crystallization, the equilibrium diagram, the change of properties with 
change of state, the change of properties by metal-working, reactions in the solid state 
thermal analysis, and the phase rule. 
7 rer r r , rr 7 ry 7 | rorrn ¥ 
RALPH W. G. WYCKOFF—THE STRUCTURE OF CRYSTALS. 
Illustrated. 464 pp. _ $7.50. 
A. C. S. Monograph No. 109. 


Presents the modern theory of crystal structure in the light of X-ray diffraction methods 


BOOK DEPARTMENT 
The CHEMICAL CATALOG COMPANY, Jvc. 


419 FOURTH AVENUE, AT a2agth STREET, NEW YORK, U. S. A. 
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The New 
Students’ Potentiometer 
With Two Ranges 


1/7 Actual Size 
Weight 8 Ibs 


| HE lower range, 0 to 16 millivolts, is suitable for instruction in the mea 


surement of temperature with a thermocouple. The higher range, 0 to 1.6 
volts, is for general purposes 

The instrument is ruggedly built, with easily-traced circuits Its accuracy 

follows the Standard Type K Potentiometer 


interests students In design, it 
later use of the 


so that work with this instrument is excellent training for 
Type K 

The Physics Department uses Students’ Potentiometers for 
measurements made by undergraduates 


most potential 


The Electrical Engineering Department uses Students’ Potentiometers for 


calibrating instruments 

The Chemistry Department uses Students’ Potentiometers for pH and elec 
trolytic conductivity measurements 

The Mechanical and Metallurgical Engineering Department uses the lower of 
the two ranges of Students’ Potentiometers for teaching the principles of poten 
tiometer pyrometry. 

Specifications: Two ranges, 0 to 1.6 volts and 0 to 16 millivolts. 15 coils 10 
ohms each and slide-wire having a resistance of 10 ohms; slide-wire has 100 


Guaranteed accuracy of coil adjustment, 0.04 per cent; of slide-wire 


divisions 
end-coils 


calibration, 0.5 division. Separate connections to the slide-wire, and 
which may be cut out of circuit. Potrentiometer current required, 0.01 ampere 
Grained bakelite top-plate. Polished mahoguny case with cover. 


Send for Bulletin M-765 


Galvanometers 
Potentiometers 


Bridges and Resistances 


ondensers and 
LEEOS & NORTHRUP COMPANY inductances 
490! STENTON AVENUE, PHILADELPHIA Testing Sets 
Recording and Con- 
trolling Pyrometers 
Hump and Homo 
Electric Heat Treat. 
ing Furnaces 


LEEDS & NORTHRUP |jeaeeam 


Conductivity of 
Electrolytes and 


trations 
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A Christmas Suggestion 


What to give Father, or Mother? What to give Brother, or Sister ? 
What to give a good Friend ? 


A TAPLEY PERFORMANCE M 


For His, or Her, Safety For His r Her, Pl 
thoughtfulness for his, or her lfare and happines 
fying to a Motorist 


BN aS A 
SS 


WS ASA 


ETER 


\ 


A 
AS 


WS 


When desired, this strument wil " rwarced, with 
prepaid, and appropriate! i for gift purposes 
timely delivery Write for details 


Car manufacturers m: 
verforming cars. Of what 1 
means ot measuring an 
control, until undue wear lead 

More cars are ill thar 

The Tapley Perf I 
eliable and efficient one, Vil ichnite expert advice 
skill or technical knowledge on t part of the motorist 


DS AS ASSIA 


—_—_—__—__- SSS~-S--_ >EErrES ~~~ SE >_> >SEr_EOSOeEeEeeaEea~--~"_e——~V—EO~~rre— ~~ ~S— 


Numerous cars are found with brakes below the safe standard 
able condition as to invite disaster Car performance has been found 
unknown to the car owner Leaky v ilves, carboned up engine ‘ rburet 
undue wear, etc., mean continuous waste, as well as unsatisfactory driv 
tion lead to a defective car that is a menace to Personal and Public Saf 





The Tapley Performance Meters 
THE SAFETY TWINS 


Give warning of the defective condition to remedy, before the accident occurs 


i 
u 
& 
x 
#; 
& 
& 
& 
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# 


ms 
ia 


PaTERTe GE BORETR B4G+ v8 Br eT 


sane eneres camage ones 8 
‘ he TAPLEY &Cc® 3 
19" 


Brake Testing Type for Officials For the motor vehicle Owner, 
and for Official measurement 
Guaranteed in every way of defective cars. 


These instruments form a connecting link for co-operation between Officials 
and motor vehicle Owners 


E. C. CHESWELL, L. B. COOMBS, 


Melrose Highlands (77), Mass., U. 8. A. 66 Millwood Road, Toronto, Canada 
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A New Hotel 
Without “Ups”’! 
IT’S NEVER BEEN DONE BEFORE! 
One Price for All the Rooms! 


HE 12-story fireproof Cornish Arms 

Hotel, just opened, has eliminated 
all the hokum of “up” prices This 
convenient and comfortable new hotel has 
only one price for a single room and 
bath, $3.00 per day. Double rooms for 
two, with bath, $4.50. Remember, there 
are no “ups.” There’s a bath with every 
room: 340 rooms to select from. Excel- 
lent restaurant service at moderate prices. 


5 minutes to Times Square, 5 minutes to 
Penn. Station, 8 minutes to Grand 
Central, and near all Steamship Lines, 


COME AND COMPARE! 
Cornish Arms Hotel 


West 23d Street, at Eighth Avenue 
NEW YORK 





“Where to Stay 7 
w” New YorR. ~ 


JN the center of business 
and theatrical New York— 


yet as quiet as a pastoral home, the 
New Forrest is a place “ for rest” 
when rest is needed. Three hun- 
dred beautiful, inviting, homey 
rooms—all outside, all with baths, 
showers and running ice water— 
await discriminating guests. At 
$3.00-$4.50 single, 50-$6.00 
double, you will find refinement, 
comfort and true economy. 


Telephone Chickering 7070 
Manager—WILLIAM F. THOMANN 


New FORREST 
HO‘T EL 


thST. Just West of 
Broadway 
NEW YORK 





Lg 
Thi . Li . ’ 
is is Living! 
You can enjoy the Winter Time w 
you live at the Majestic—the pictur 
landscape of Central Park acri 
way with its animated scenes 
—and then, the morning freshness 
nights of sound sleep away from th: 
trict of smoke and din 





Here in the ideal spot of all New \ 
you combine everything that contril 
to your everyday comfort, conv 
and cheeriness 

Close in minutes to the busines 
ters, the leading shops and theatr« 

Everything you'd ask—spacious r 
single or en suite, with floor plans 
like. Furnished or unfurnished 
ceilings Great window views 
Park. Perfection of service in all 
And the cuisine—famous! 

Interesting booklet on New York 
Majestic Hotel sent free on request. 


Glan Wrnstu ( 


Proprietor 


Majestic Hotel 


RESTAURANTS 


2 West 72nd Street 
Entire block fronting Central Park 
NEW YORK 


The Hotel Majestic, Central Park West 
72nd Street, New York City. 
Without obligating me, please send 
free Booklet on New York and Majes 
Hotel. 
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Scientific Mont 
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Complete Outfits for 


Explorers, Engineers, Hunters 


Everything from Food to 
Scientific Instruments. 
We have recently outfitted ex- 
peditions to Greenland (2), 
Persia (2), Africa, Arabia 
Venezuela, Colombia and 

Brazil. 


FIALA PATENT 25 
SLEEPING BAG 
Light Weight, Sanitary, 
Scientifically Correct. 
No hooks or fasteners Explorers 
say “ Best bag made.” 
Hunter’s, Traveler’s, Engi- 
neer’s Compass — Lu- 
minous, floating 
set on jewel point 
Make S an 
| 


for your friend 


accept al 
for estimate on 


P Things « a 
Need” based on personal, 


for FREE Catalog Guns, «987 
FMS. 
Binoculars, etc. aaw voan 


professional knowledge ak. 
‘ents, Equipment, Thermometers, 
ANTHONY FIALA OUnETs 


Poles to Equator \ 
ymeters, Scientific Instruments, 
25 Warren St., juss Of City Hall Park New York City 





$3.50 


FOR THE 


Biological Sciences 


Naturalists’ Supplies 

Microscope Slide Preparations 

Preserved Material 

Models and Museum Preparations 

Lantern Slides 

Charts, Botanical and Zoological 

Microscopes, Microtomes and 
Accessories 

Dissecting Instruments 

Laboratory Glassware 

Chemicals 

Bacteriological Reagents 





Prompt 


Service Qe 


New York Biological Supply Co. 


Biological Sciences 


NEW YORK CITY | 


General Supplies for the 


34 UNION SQUARE 














LARGEST AND FINEST PRIVATE COLLECTION 


RECENT MOLLUSCA IN AMERICA 


this collection of more than 
100,000 specimens) in the 
hands of some institution or private collector, where 
t can be safely housed in fire-proof building It 
nust be seen by experienced Conchologist to be ap 
preciated. Accurately named, with specific localities 
containing thousands of specimens of great rarity 
and all in perfect condition. No “ bones” or useless 
material. Inspection at any time by appointment 

From my stock of duplicates, gathered from every 
part of the world, I can make up useful collections of 
moderate size, up to 3,000 species, if desired, at a 
very moderate cost If interested state definitely 
what you have in mind in first letter. Catalogues 
will be mailed free. 


WALTER F. WEBB 


202 Westminster Road 


I would like to place 
20,000 species (more than 





THE SCIENCE PRESS 
PRINTING COMPANY 


PRINTERS OF 
SCIENTIFIC AND EDUCATIONAL 
JOURNALS, MONOGRAPHS AND BOOKS 


Correspondence Solicited 


LIME AND GREEN STS. LANCASTER, PENNA. 


Rochester, N. Y. 











BIOLOGICAL 
SUPPLIES 


SUPPLY 
DEPARTMENT 
Open the Entire 

Year 


For the classroom, museum 


or collector. 
t OF ~* . 
oe > First class preparations. 


Send for new 1926 


logue No ] Zoolog eal and 


material, 


and Habitat 


Embryological 
Life Histories 
(Groups. 


Catalogue No. 


2, Botanical Material 
Catalogue No. 3, 


Address all correspondence regarding material 
and catalogues to: 


Microscopic Slides 


GEO. M. GRAY, Curator 


|THE MARINE BIOLOGICAL LABORATORY 


Woods Hole, Mass. 
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Economic L E I T y A Efficie: 


Prepare Your Own Lecture Films 


First: Take any desired object or scenery upon standard motion picture film with 1 
Leitz “ Leica” Roll Film Camera; 

Second: Develop the film with the Leitz Developing Apparatus; 

Third: Print the negative film upon standard motion picture positive film wit/ 
Leitz Copying Apparatus ; 

Fourth: Project the finished film with the Leitz Film Projector 





Leitz “ Leica” Camera using motion pic- 
ture film of standard size. 

Size: 51%4 x 2% x 1% inch; Weight incl 
cartridges and film: 1 Ib.; 

One load with standard motion picture film 
yields 36 pictures 13g x I inch without Leitz Film Projector “ULEJA.” 
reloading; 

Focal Plane Shutter permits exposures 
from 1/25-1/500 seconds. 


It offers an inexpensive and convenient 
method of projecting pictures for edu 
Equipped with: tional and entertainment pospeses Its 

“Elmax” Anastigmatic Speed Lens 2 ‘%!7© being 6” high * 7 — 4 eh 

inch-F-3.5, for increased depth and is easily carried and considering t vat th 
- film rolls fit the vest pocket it is readil 


definition; f ’ ye 
New Telescope View Finder, for rapid evident how much of an advantage this a 
’ paratus offers over the rather cumberson 


sighting; : and heavy lantern slide projectors 
“Fodis” Near Range Finder, for accu- “~~ stigtieg ; thes isi 


rate focus at “close-up” views. The cost of the films for projection and 
The extremely sharp negatives allow for their preparation represents only a mere 

enlargements 8 x 10 inches and over. fraction of the cost of lantern slides. 

The Leitz Developing Drum affords easy means of developing the films taken with t! 
“Leica” Camera, so that anyone, somewhat familiar with the principle of phot 
raphy, can prepare his own negatives. 

The Leitz Copying Apparatus makes it exceedingly simple and convenient to print tl 
negative films upon positive film strips, ready for projection. 

A complete equipment as offered with the four items described is most essential t 
any lecturer. Illustrated lectures are the most impressive and elevate the standard « 
teaching. With the Leitz “ Leica” Camera one can record any important event ar 
object during travel, excursions and expeditions; with the additional equipment on: 
can readily project them to any audience. 


Write for Pamphlet (FF) 1098 


60 East 10th Street E. LEITZ, Inc. New York, N. Y 


AGENTS: 
For California, Washington, Oregon, Idaho, Utah, Nevada, Montana and Arizona: 
Simple SPINDLER & SAUPPE: Offices at Los Angeles and San Francisco, Calif. Rapid 
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No finer Xmas Gift ~ at any price! 


Carl Zeiss Optical Products have attained and 


did 


maintained leadership for the past 85 years. 


TT) 
e 


They are standard equipment wherever the 


Ao 


utmost results are required. 
Zeiss Ikon Cameras, fitted with Zeiss Tessar 
Lenses, will take excellent pictures, even under 


9 
Nl 
> 


conditions where other cameras fail. 


=) 


Zeiss Prism Binoculars, in addition to their 


wonderful luminosity and large field of view, are 


By 
AS 


dust and moisture proof, a factor which cannot 


A: 


be exaggerated. With proper lens attachments 


* 
' 


they are instantly convertible into Telescopic 


Magnifiers with a working distance of 8 inches. 


) 


What finer Christmas present could you find 


WS 


anywhere, at any price? 


TP) 


CARL ZEISS, INC. 
485 Fifth Avenue 
New York 


wee 


Pacific Coast Branch: 728 So. Hill Street, 1 Angele 
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W-o-o-p-s! 
—another experiment 
gone to the dogs! 


A slippery floor... Debris that the cleaner’s 

mop had failed to remove The precious con 

tents of a test-tube or beaker spilled. ... Time 
labor, might have been saved—anxiety 
avoided. 

How? By using the FINNELL Blec- 
tric Floor Machine. With brushes that 
exert over 20 times the pressure of the 
strongest human arm, aided by a con 
stant supply of clean water, it routs the 
most viscous or incrusted accumula- 
tions Easy to operate. Speedy Also 

waxes and polishes floors 
to non-slippery brilliance. 
Saves time, labor, money 
Eight models, for any size 
floor area Also compact, 
trim, household model. For 
story of cleanest floors at 
lowest cost address 


FINNELL SYSTEM, ‘Inc. 


1412 East Street, Eikhart 
i ind. ( Factories Elkhart, ind. 
and Ottawa, Ont., Can.) 


LL 


ELECTRIC FLOOR MACHINE 
It polishes 


li waxes It scrubs 











MINERVA 


Science Church 


Opposite Christian 


214 Huntington Avenue 
Boston, Mass. 


HOMELIKE 
COMFORTABLE 
CONVENIENT 


Every room with bath and telephone. 
Rates: Single, $3-$3.50; Double, $4-$5 
Special Weekly Rates 


CAFE MINERVA 


Famous for its delicious food and 
service at moderate prices 


MINERVA CAFETERIA 


Newest and best of the kind. 
Food and prices most desirable. 


HARRY C. DEMETER 
Est. 1905 Phone KENMORE 7615 




















THE 


STRUCTURE 
of 
THE ATOM 


By 
E. N. 
da C. Andrade 


For this, the third, edit 

book has been completely reu 
and extensive additions (mor¢ 
doubling its extent) have been ma 
to embody the great advances n 
in the subject during the past 
years. The illustrations have 
been increased by some 70 new 
grams and four new plates. 


Professor Robert Andrews Mi 
who received the Nobel prize in phys 
ies in 1923, director of the Norm 
Bridge Laboratory in California sir 
1921, has paid a high tribute to t 
value of this new edition M 
Bertrand Russell has declared that 
book is more all-embracing than Sor 
merfeld’s work on the same subj¢ 
and Nature has said: ‘‘ It provides j 
that critical introduction to moder 
atomic speculation which should | 
in the hands of every student, and « 
be read with profit by most 
searchers.’’ The author since 19 
has been Professor of Physics in t! 
Artillery College, Woolwich. W1! 
John Harling Fellow at the Un 
sity of Manchester in 1913 and 19 
he collaborated with Sir Ernest Rut 
erford, now President of the Eng 
Royal Society and Director of 
Cavendish Laboratory, who is fam 
as the chief discoverer of rad 
activity. 


Demy 8vo., pp. xx-750. $10.01 
Harcourt, Brace 
and Company 


383 Madison Avenue New Y 




















THE SCIENTIFIC MONTHLY—ADVERTISEMENTS 

















A Clear Explanation of 
Hydrogen Ion Control 


The accurate control of acidity 
and alkalinity by the hydrogen 
ion method has in recent years 
The ABC opened up many new avenues 
; of progress in science and 
industry. To meet an ever 
growing demand for usable 
information on this subject, 
we have prepared this clear 
and comprehensive explana- 
tion of Hydrogen lon Control 
which includes a special section 
on its practical application 
in many different fields such 


f 
Hydrogen Ion 
Control 








as.- 


Pulp and Paper Manufacturing Dyes and Pigments 

Sugar Refining Chemical Manufacture 

Tanning of Leather Industrial Wastes 

Water Purification Bacteriological and 

Sewage Disposal Pathological Work 
and many others 


Write for a complimentary copy. It is free on request. 


LAMOTTE 
ROULETTE COMPARATOR 


Development of hydrogen ion control in many 
different fields has been aided in no small measure 
by LaMotte Comparators because they have made 
the application of this valuable control method 
extremely simple without sacrificing scientific 
accuracy. Patent Applied Fo 


LaMotte Chemical Products Company 
422 Light Street Baltimore, Maryland, U. S. A. 









































HE mercury 

vapor arc in 
quartz has long 
been recognized as 
the richest avail- 
able source of light 
in that fortion of 
the spectrum ex- 
tending from 6300 
A. U. to 1868.A. 
U. 


In the HANOVIA 
Laboratory Model 
the quartz burner 
is made conven- 
iently applicable to 
precise work. The 
entire apparatus is 
scientifically de- 
signed, compact 
and adaptable. A 
detailed, illustrated 
description will be 
found in free 
Bulletin 20. 


HANOVIA 


CHEMICAL & MFG. 
COMPANY 


Chestnut St. & N. J. 
R. R. Avenue 


Newark, N. J. 


NEW YORK, CHICAGO, 
SAN FRANCISCO 





ULTRAVIOLET ) 


LAMPS 
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The Wide Field Binocular Microscope 


with the widest range of usefulness 














plus 
The DRUM 
NOSEPIECE 


Three pairs of matched objectives are 

held in readiness to be instantly swung 

into parfocal position by rotation of 
the Drum in a vertical plane 





ERSATILITY is an out- 
standing characteristic of 
the B & L Wide Field Micro- 
scope. A high base, a low base 
(illustrated) and a heavy base 
stand are interchangeable in re- 
lation to the KW _ binocular 
body. Each stand facilitates a 
different type of work. 
Other assets of this Microscope are the advantages of stereoscopic effect, 
large field, high eyepoint, long working distance and wide range of magnifi- 
cation—not forgetting the DRUM NOSEPIECE, the value of which is 
apparent. 


This Microscope is used in the study of Bacteriology, Anatomy, Botany, 
Chemistry, Pathology, Metallurgy, Sedimentary Petrology, Micropaleon- 
tology and a score of other subjects. 


Send for folder D-115 at once. 


BAUSCH & LOMB OPTICAL CO. 


665 St. Paul Street Rochester, N. Y. 
New York Chicago London Frankfurt Boston San Francisco 























PARIS PAN-AMERICAN 
EXPOSITION: EXPOSITION: 
Eight Awards and Medals Gold Medal 


Our General Laboratory and Museum Supplies include: 


Scientific Apparatus and Instruments, Chemicals, Anatomical Models, Osteologica! 
Preparations, Natural History Specimens and Preparations, Wall Charts, Mu- 
seum and Naturalists’ Supplies, Glass Jars, Microscopes and Accessories. 


Museum Cabinets (Yale Style) Biological and General Laboratory Supplies 
THE KNY-SCHEERER CORPORATION OF AMERICA 
Dept. of Natural Science, 119-125 7th Ave. 
G. Lagai, Ph.D. (Cor. 17th St.) 


New York City 

















SPECIAL SALE OF METAMI POCKET MICROSCOPE 


Magnification 25X to 600X 


This instrument is equipped with two first quality dry « 
jectives, one being stored when not in use on the base 
the instrument, as shown in the illustration. 


Any magnification between 25X and 600X can be obtained 
by simply pulling out the telescope draw tubes on which 
there are two calibrations; one for the low, and the other 
for the high power objective. Exact magnifications ob 
tained are read off direct on the draw tubes. 

Stage is equipped with iris diaphragm and may be swun; 
aside to facilitate changing objectives. Concave adjustab! 
mirror illuminates the object. 

Fine focusing is accomplished by turning the knurled 
collar. 

Supplied complete in a metal case or hood which fits down 
over the microscope fully protecting every part when : 
in use. Weight 29 oz. 








List Price complete in case ............ccccccccecs $47.00 
ee ET RS $36.00 
Metami Portable Microscope Information on Other Microscopes Supplied on Request. 


with case removed 


PALS company 


APPARATUS FOR INDUSTRIAL AND LABORATORY USE 
153 WEST 23rd STREET NEW YORK, N. Y. 


— 


























